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ee. teaching astronomy at Ohio University, I have found 
that the ten-inch refractor is the optimum design and 
size for our general student use. It is simple enough for ele- 
mentary students to master with relatively few instructions, 
and yet large enough to provide optimum viewing under our 
city atmospheric conditions. 

The fact that the elementary students use the telescope them- 
selves, instead of being shown by the instructor, I believe to be 
an important factor in student interest in astronomy. At the 
Freshman or Sophomore level of student development, most 
students respond more readily to immediate experiences than 
to descriptions or even to supervised demonstrations. These 
first-hand experiences can then be followed up by the abstrac- 
tions and generalizations which most teachers of astronomy 
consider to be the ultimate objectives of their instruction. 


For more advanced students the telescope with its accessories 


provides opportunities for photographic and spectro- @ 
scopic work as well. i, 


This 10” visual refracting telescope was designed and built 
by J. W. Fecker for the Ohio University Observatory. Re- 
quirements were for a telescope for student instruction and 
visual use. 

ACCESSORIES AND FEATURES: Electrical sidereal drive, 
electrical right-ascension slow motion, manual declination 
slow motion, manual clamps in right ascension and declina- 
tion, 3” aperture wide-angle finder telescope. 

For more information about this telescope or other tele- 
scopes to meet your specific needs, write 


J. W. FECKER DIVISION 


AMERICAN OPTICAL CO. 
6592 Hamilton Ave., Pittsburgh 6, “® 
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TEI” SCOPE JosEPpH ASHBROOK, Technical Editor LITTLE over two years ago, L. G. 

se, Jacchia, Smithsonian Astrophysical 
Copyright, 1960, by Sky PuBLisHING CorPorATION, all rights reserved. Observatory, discovered small, erratic 
changes in the period of Sputnik II, and, 
later, in the periods of other artificial 
Vol. XX, No. 3 SEPTEMBER, 1960 satellites. These changes were soon traced 


CONTENTS to fluctuations in the density of the at- 


mosphere through which these objects 
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swinging dome presents the whole night sky to the visitor, so that he may tell the ity; on dates when 10.7-centimeter radio 
whereabouts in the heavens of the object he is viewing through the telescope. Photograph noise from the sun was strong, artificial 
by Ernst Burkhard. (See page 128.) satellites were decelerated. 
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far-ultraviolet radiation. 
The second kind of change is a daily 
cycle, the density at a particular point 
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Fraunhofer Lines and Heights 


in the Sun’s Atmosphere 


OrREN C. MOHLER, MeMath-Halbert: Observatory, 


LL THE OBJECTS we see on the 
A sun are three-dimensional, and 
measurement of the heights of their 
structural parts is essential to explain 
what is observed. Difterence in level is 
just as important as extent along the solar 
surface, but we can measure the forme 
only with great difficulty. 
methods use form of 


Existing some 


highly monochromatic image of the sun. 
This is obtained most easily from the com- 
bination of a telescope and a spectroscope. 
Thus, measurement of differences in 
height is a special division in the art of 
solar spectroscopy. Although some tech- 
niques are fairly new, many procedures 
were discovered in the early days of astro- 
physics. 

In 1815, Joseph von Fraunhofer dis- 
covered the dark lines crossing the spec- 


trum of sunlight. “This German optician 


had already observed the pair of bright 


orange-vellow lines, now known to come 
from sodium atoms, in the spectrum of 
light from a candle. Searching for similar 
lines in the solar spectrum, he unex- 
pectedly found absorption features at the 
same positions as the emissions in the 
flame spectrum. 

Fraunhofer made these discoveries more 
or less accidentally during the develop- 
ment of improved astronomical telescopes, 
but he explored the scientific importance 
of his unexpected results before exploit- 
ing them for practical ends. He diverted 
time and money from his business of mak- 
ing telescopes, and displayed enormous 
skill and insight in studying the spectral 
lines in the sun, planets, and stars. His 
investigations transformed the spectro- 
scope from a toy that showed pleasing 
bands of colored light into an instrument 
for precise measurement, with which he 
as a quantitative 


founded spectroscopy 











A recent painting of Joseph von Fraunhofer (1787-1826) demonstrating the 
solar spectrum to a friend with a spectroscope. Courtesy Bausch and Lomb. 
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University of Michigan 


Hence, although the dark lines 
traversing the solar spectrum had been 
glimpsed in 1802 by W. H. Wollaston, 
they are properly referred to as Fraun- 
hofer lines. 
of central importance in modern astron- 
omy. 


science. 


They have turned out to be 


A complete theoretical explanation ol 
the Fraunhofer and 
their variation with height in the solar 


lines, particularly 
atmosphere, will long remain one of the 
most interesting and baffling problems of 
illustration of the 
complexities encountered, consider the 


solar physics. As an 


short section of the sun’s spectrum illus- 
trated on the facing page. 

The photograph shows the dark lines as 
they are seen in the focal plane of a spec- 
troscope. 
near the wave length of the eye’s maxi- 
mum sensitivity to light, and in the spec- 
tral region where the sun radiates most of 
its energy. Such favorable circumstances 
facilitate the observation of these partic- 
ular Fraunhofer lines by 


Vhis portion of the spectrum is 


all principal 
methods: visual, photographic, and photo- 
electric. 

The lower part of the picture is a me- 
chanically constructed graph, made with 
the aid of a photoelectric cell. It is a 
record of the variation of light intensity 
along the length of the spectrum photo- 
graph., The two broadest and_ blackest 
5 and 6, and two close pairs of 
lines, 3 and 4, and 1 and 2, form a group 
that Fraunhofer described as follows: “At 
b there are three very strong lines, two of 
these are separated by just a narrow 
bright line. “They are among the strong- 
est lines in the spectrum.” What Fraun- 
hofer saw as two lines separated by a nar- 


lines, 


row bright one was actually the single 
line 5 and the four closely grouped fea- 
tures 1, 2, 3, and 4, which he saw as one. 

A glance at the solar spectrum indicates 
that the Fraunhofer lines exist in all com- 
binations of intensity and width. Some 
are narrow and very black at their cen- 
ters; others are narrow and only slightly 
Some wide lines are black, others 
gray. These are some of the complications 


gray. 


that must be explained by spectroscopic 
theory. 

The year 1959 was the centennial anni- 
versary of Gustav Kirchhoff’s publication 
of the first generally applicable laws of 
spectra. The German physicist based them 
on a long series of laboratory experi- 
ments, carried out in co-operation with 
the chemist Robert Bunsen. Kirchhoff 
was especially concerned with the spec- 
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A small section of a McMath-Hulbert solar spectrum, with an intensity tracing 
beneath it. The dark lines labeled 1, 5, and 6 are due to magnesium, and 
have wave lengths of 5167.3, 5172.7, and 5183.6 angstroms, respectively. Lines 
2, 3, and 4 originate from iron, at wave lengths of 5167.5, 5168.9, and 5169.0. 


troscopic detection and identification of 
chemical elements, and it was during the 
course of his work with Bunsen that the 
elements cesium and rubidium were dis- 
covered. 

However, Kirchhofl’s greatest contribu- 
tion to solar astronomy was his masterful 
generalization now called Kirchhoff’s law, 
which he applied to the analysis of the 
physical and chemical composition of the 
sun. This law states: ““Vhe ratio between 
the emissive power and the absorptive 
power for rays of the same wave length is 
constant for all bodies at the same tem- 
perature.” With the aid of this relation, 
and the careful listing of its implications, 
Kirchhoff won general acceptance for four 
important conclusions about the sun. 

First, in the orange-yellow part of the 


solar spectrum the coincidence of Fraun- 
hofer lines with the bright lines in the 
spectrum of flames establishes the pres- 
ence of sodium on the sun. Second, the 
source of the sun’s light must be a sub- 
stance, probably gaseous, at a very high 
temperature. Third, the part of the sun 
where the dark lines originate must be 
very hot, yet cooler than the main solar 
body. Fourth, the dark lines originate 
above the layers that are the sources of 
sunlight. 

Up to the present, attempts to refine 
Kirchhoff’s qualitative results of a,century 
ago into detailed predictions of the prop- 
erties of solar Fraunhofer lines have at- 
tained only moderate success. Efforts to 
solve the converse problem — deducing 
the detailed structure of the sun from the 


observed spectrum—have been reasonably 
rewarding, but they have encountered 
difficulties. The solar observations that 
must be explained by any adequate theory 
are exact and overwhelmingly abundant. 
Their high precision so limits the range 
of possible solutions that no theory satis- 
fying all the measurements has been dis- 
covered. On the other hand, even though 
we may concentrate on explaining only a 
single spectral line and make the most re- 
liable can, the: small 
deviations in the measurements are still 
too large to indicate a choice between 
competing theories of the formation of 
spectral lines, or between different theo- 
retical models of the sun. 

Solar generally agree 
that Fraunhofer lines are formed by sev- 
eral types of selective processes, acting 


observations we 


spectroscopists 


together to withdraw radiation from par- 
ticular regions of the spectrum, and fol- 
lowed by other processes that redistribute 
the extracted light throughout the entire 
spectrum. Although any particular line 
has a natural width that is determined by 
the characteristics of the atom from which 
it originates, in the sun the physical prop- 
erties of the line-forming parts of the 
atmosphere play the dominating roles in 
making a line appear sharp or fuzzy, dark 
or only gray. 

Some of the factors and their influences 
on the shapes of Fraunhofer lines are 
tabulated below. This 
that a given cause often will produce dif- 
fering effects in lines from different atoms, 
or in different lines from the same atom. 
Measurements of carefully selected lines 
that are known from laboratory data to 
be especially sensitive to change in, for 
example, pressure, form the bases for 
computing some of the many numerical 
data needed for a complete description of 


summary shows 


the formation of the solar spectrum and 
its Fraunhofer lines. 

However, many conclusions about the 
sun follow directly from spectral observa- 
tions, without the aid of a completely 
satisfactory theory of line formation. For 
instance, the level at which a particular 


FACTORS INFLUENCING ABSORPTION LINES IN THE SOLAR SPECTRUM 


Physical Parameter 


Effect on Particles in Sun 


motions increase as temperature increases. 
Heavier particles move more slowly. 


Collisions between particles increase as pressure in- 


Temperature Random 
Pressure 

creases. 
Density 


Gravitational field 
Radiation field 
Electric fields 
Maenetic fields 


Turbulent motions 


Convective motions 
Isotope abundances 





Collisions between particles increase as density in- 
creases. 

Confines particles to sun and produces gas pressures. 
Collisions occur between particles and photons. 
Motions of free electrons and ions are hindered. 


Motions of free electrons and ions are hindered. 


Particles move in eddies. Atoms move with speeds that 
are independent of their masses. 

Produce streams in specific directions. 

Atomic species differing only slightly. 


line originates can be defined from 
Effect on Fraunhofer Lines 
Broadening chiefly near the line center. Broadening 


inversely proportional to atomic weight. 
Line broadens symmetrically. Some lines especially 
sensitive. Shifts in wave length. 


Weak lines increase in strength more than strong lines. 


Lines are shifted to the redward of normal positions. 
Lines are broadened. 
Most effective for 


Broadening, or even splitting. 


hydrogen and helium. 


Broadening or splitting of lines into components. Most 
effective for certain lines. 


Broadening that is independent of weight of atomic 
source of line. Shifts of lines. 


Displacement of lines. 
Blending of two different lines of same element. 
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Monochromatic images of the solar atmosphere appear as bright lines in this flash spectrum, obtained during the total 
eclipse of 1952. The longer arcs indicate higher levels on the sun. High Altitude Observatory photograph. 


observing @perations. Once we know the 
height of origin, we can use the spectral 
lines to deduce how physical conditions 
differ at various levels. Thus, determina- 
tion of the level of origin for the Fraun- 
hofer lines is extremely important for 
understanding solar flares, prominences, 
plages, and other features, as well as for 
constructing a theoretical model of the 
The following are some of the 


which solar astron- 


sun itself. 
more direct ways in 
omers are trying to measure heights on 
the sun. 

fone fundamental spectroscopic method 
utilizes the geometrical circumstances of a 
total solar eclipse. During an eclipse, the 
moon acts like a sharp-edged circular disk, 
covering in succession the lower to higher 
layers of the sun's atmosphere just before 
totality begins, and uncovering the higher 
to lower layers as the total phase ends. 
For any instant, the relative positions of 
the sun's and moon's centers may be com- 
their diameters are 
some precision, the fraction 


puted, and since 
known 


of any solar 


with 
diameter that is covered or 


exposed can also be found. 


\ spectrum of the radiation coming 
from slightly outside the moon’s edge orig- 
inates at a known distance from the cen- 
ter of the solar disk, or at a known height, 
when the made at very 
nearly the time of second or third contact 
of the eclipse. This flash spectrum is espe- 
cially useful for studying the sun, since 
the moon blocks interfering extraneous 
light. But total eclipses are scarce events, 


observation is 


and successful observation of them is at 
the mercy of weather. Other methods 
must be used to supplement the slow ac- 
cumulation of data from eclipses and to 
check the results. 

Many of these noneclipse methods are 
somewhat involved, and represent fairly 
long extrapolations from direct observa- 
tion, but current techniques that use 
a spectroscope as a monochromator are 
relatively simple. ‘They result from the 
great improvement in solar equipment 
during the past decade. 

Ihe modern spectroscopic monochro- 
mator can select extremely small portions 
from the spectrum. The distance between 
the two D lines of sodium pictured here 
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The high dispersion and resolution of the spectrograph at the McMath-Hulbert 
Observatory of the University of Michigan are demonstrated by this spectrogram 
and photoelectric tracing of the intense D lines of neutral sodium, in the 
yellow part of the spectrum. Many delicate features are visible between them, 
although the D lines are separated by only 5.96 angstroms. 
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Intensity tracings across the solar disk 
made from the light within a Fraun- 
hofer line “A” and in white light “B”. 
The increased diameter indicated by 
“A” shows that the line originated 
above the sun’s photosphere. “A” and 
“B” are marked in the tracing below. 











is almost exactly six angstroms. With a 
good monochromator, we can select 1/600 
of this distance. We can make continuous 
measurements at all points along a solar 
diameter with light from only the very 
center (A) of one of the D lines. As the 
of observation travels uniformly 
along the solar diameter, an intensity 
curve like “A” in the diagram is obtained. 
Curve “B” is for light from a neighbor- 
ing part of the spectrum, labeled B in the 
tracing. Note that “A” is wider than “B,” 
indicating that the diameter of the sun 
would be larger on a photograph taken 
in sodium light than on one made with 
the same telescope and light from a point 
in the spectrum where there is no Fraun- 
hofer line. The difference in diameter is 
just twice the difference in height between 
the level of the solar atmosphere where 
the line originates and the region that 
gives rise to the light outside the line. 
Instead of using photography, the diam- 
eter of the sun can be measured by 
recording the light intensity with a photo- 
electric cell, as the point of observation 
traverses a solar diameter, but this method 
demands close attention to several details. 
At the McMath-Hulbert Observatory, we 
use the McGregor solar telescope to meas- 
ure the light variation along the sun’s 
polar diameter. In this way, the effect of 
solar rotation on the position of the spec- 
trum lines is automatically eliminated. If 
any other diameter is used, a tilting plane- 
parallel glass plate can readily be moved 
so as to introduce the desired correction, 


point 





























since the rotational shift varies linearly 
along any diameter. However, it is wise 
to avoid this complication, at least in the 
first trials of the method. 

The observer adjusts the rates of the 
driving motors so that they produce a 
highly uniform and reproducible motion 
along the chosen solar diameter. The 
rate must not be so slow that unavoidable 
changes in atmospheric transparency, re- 
fraction, or focus can become significant 
during the time required to go from one 
edge of the sun to the opposite one. The 
sequence of operations is planned so that 
such changes in the instrument and the 
sky can be almost completely eliminated. 

The following is a typical schedule (see 
sketch): 1. Make a trace of the intensity 
from limb to limb of the sun, using the 
continuous spectrum, that is, light free 
from any appreciable Fraunhofer line. 
2. Similarly, trace the light from the cen- 
ter of a strong line, such as the H» line 
of hydrogen. 3. Again trace the same line 
center, but with the gain of the amplifiers 
increased until the deflection 
of the curve is the same as the maximum 
the curve obtained in the 
first step. 4. Record the limb-to-limb in- 
tensity in the continuum with the gain 
the same as in step 3, but with the inten- 
sity reduced by a filter so that the maxi- 
mum deflection is the same as in steps 3 
and |. The observer then carries out the 
sequence in order. Effects that 
change with time can thus be detected 


maximum 


deflection of 


reverse 


and appropriate corrections derived. 

Ultimately, the observed curves must be 
corrected for blurring caused by imperfect 
seeing and faulty instrumental definition. 
After this is done, differences in the solar 
diameters defined by the curves indicate 
directly the difference in the atmospheric 
level at which the center of the line orig- 
inates and the level represented by the 
continuous spectrum. The diameter asso- 
ciated with the trace of the continuous 
spectrum is the same as that of the solar 
disk seen in an ordinary telescope. 

Onlv the stronger Fraunhofer lines that 
originate at relatively high levels can be 
studied by the method just outlined, be- 
cause weaker ones are formed at heights 
smaller than the experimental error of 


the method. Unavoidable experimental 
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The schedule of scanning the sun, 
explained in the first column, gives 
four curves like these. 


errors lead to uncertainties in height de- 
termination of slightly less than 1,000 
kilometers. Since solar lines are 
formed in layers not more than 500 kilo- 
meters above the sun’s visible surface or 
photosphere, this is a serious limitation. 
However, for the very strong Hz line, the 
K line of ionized calcium, and the sodium 
D lines, the method gives interesting, con- 
sistent, and possibly trustworthy results. 
So far, at McMath-Hulbert we have 
obtained height differences between the 
undisturbed spectrum and the centers of 
Hz, K, and the D,; line of sodium. The 
heights are, respectively, 7,000, 7,600, and 
1,200 kilometers. It is hoped that similar 
measurements can be made using light a 
short distance away from the line center, 
so that height calibration can ultimately 
be obtained for different points in a 
Fraunhofer line. <A this 
Should appear somewhat like the 
diagram below. With its aid we could 
place the interpretation of spectrohelio- 
grams, and similar monochromatic pic- 
tures, on a reasonably firm foundation. 
Usually, a monochromatic picture of 
the sun is considered to be a record of 
the various solar features in light of a 
particular wave length. It can be used to 
measure the relative positions of photo- 
graphic details, as well as changes in posi- 
tion if we have a timed series of pictures. 
But there are serious ambiguities in the 
interpretation of these pictures, if any- 
thing more than a qualitative description 


most 


calibration of 


sort 


Right: This Mount 
Wilson spectrohelio- 
gram shows the sun 
in the light of a 
single hydrogen line. 
At upper right, a 
large prominence ap- 
pears dark, while 
across the sun’s cen- 
tral regions are a 
number of _ bright 
plage areas associated 
with sunspots. 


Left: When the sun 
is observed at a wave 
length that differs 
slightly from the cen- 
ter of a Fraunhofer 
line, we look to a 
greater depth in the 
solar atmosphere. 


is attempted. We are unable to assign a 
unique height to the features we see in 
them; that is, we cannot locate the fea- 
tures along the line of sight. 

Consider a spectroheliographic picture 
made with a highly selective instrument. 
If light is used from the exact center of 
one of the strong Fraunhofer lines, for 
example Ha, we know from our height 
measurements that we can see only to 
within about 7,000 kilometers of the sun’s 
surface. As the wave-length band used for 
the picture is shifted away from the center 
of the Fraunhofer line, the observed level 


moves. closer and closer to the sun’s 
surface. 
This is a great advantage — to photo- 


graph easily at different levels in the solar 
atmosphere, even though the exact level 
is unknown. But difficulties may be intro- 
duced by the Doppler shift in the observed 
wave length that occurs as a group of 
atoms producing a Fraunhofer line move 
toward or away from the observer. 

A spectroheliogram of the solar disk 
made with light a short way from the 
center of a Fraunhofer line shows two 
classes of objects. First, there are details 
at rest relative to the observer, located at 
a rather definite height above the surface 
of the sun. Second, there are features 
at other levels that become visible be- 
cause the Doppler shifts of their line-of- 
sight motions are just right to make their 
radiations coincide with the off-center 
wave length under observation. 

Troubles of this sort persist in all 
interpretations of highly monochromatic 
pictures, but they are especially disturb- 
ing in series of spectroheliograms made 
at very slightly different wave lengths 
within the same Fraunhofer line (see Sky 
AND TELEscope, April, 1960, page 339). 
If monochromatic pictures of this kind 
are combined with photographs of the 
spectrum and with the calibration of 
height across the line profile as described 
above, there is promise of significant prog- 
ress toward a three-dimensional model of 
the sun. 


the active features on 











Members of the Astronomical Society of Switzerland built and operate this 
observatory for their city. Photograph by Ernst Burkhard. 


CHAFFHAUSEN, = Switzerland, — has 
perhaps the world’s severest case of 
“mirroritis.”” For in our town of about 

30,000 inhabitants, more than 280 astro- 

nomical mirrors, ranging from 3} to 123 

inches in diameter, have been ground 

since 1945, and about 150 of these are 
mounted in telescopes today. 

Our local group of telescope makers, a 
section of the Astronomical Society of 
Switzerland, decided in 1954 to erect a 
modest municipal observatory, primarily 
for teaching and public nights. This fa- 
cility was started in 1956, and_ officially 
opened this year on May 4th. The ob- 
servatory is located where there is little 
light interference, although only about 
seven minutes travel from town. 





A layman or school child visiting an 
observatory cannot be expected to orient 
himself by means of the tiny strip of sky 
that is seen through the narrow slit of a 
conventional dome. We felt, therefore, 
that designing a dome to expose a large 
part of the sky was our main problem. 
\ pioneer member of our group, B. 
Bachmann, solved it in a novel way, using 
a pivoting permits 
swinging the dome entirely clear of the 


arrangement that 


observing platform, so that nearly the en- 
tire sky may be seen. 

The swinging roof is more than 20 
feet in diameter, but weighs only four 
metal. Its 
pivot points are connected to the base by 


tons, being made of light 


shafts set in reinforced concrete, and are 
offset about one yard from the central 
diameter of the building. 
simple hand-operated mechanism begins 


Thus, as the 


to move the dome, the front edge is 
lifted clear of the observatory wall before 
it starts to tip over to its position along- 
side the When 
cupola rests on thick rubber supports, 


building. closed, the 
and the overhang protects the observa- 
tory interior from the weather. 

As can be seen in the front-cover 
photograph, the observatory sits at one 
end of an elevated platform, nearly 70 
feet long, made of heavily reinforced con- 
crete. Opposite the dome is a classroom, 
accommodating about 30 persons. This 
room is very convenient for informal 
talks and lectures when abrupt weather 
changes cancel observing sessions. 

Our chief instrument is a 10-inch New- 
tonian reflector, having an internally re- 


The view at the left shows the mount- 
ing of the Schaffhausen 10-inch re- 
flector. At the right, the unusual 
tilting dome is partly opened. Both 
photographs are by Foto Biihrer. 
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A New Public 
Observatory 


in Switzerland 


HANS ROHR 


Astronomical Society 
of Switzerland 


inforced nonrusting tube that can be 
rotated in a wide cradle. ‘The polar axis 
is over three inches in diameter, and is 
turned by a conventional motor drive 
with differential and worm gear. ‘wo 
additional motors permit fine guiding 
during photographic exposures. ‘The 
clutch can be operated by hand or remote 
control. 

The hour circle can be read to four 
seconds of time, the declination circle to 
two minutes of arc. The four-vaned ad- 
justable spider for the secondary was 
especially designed to reduce torsion. 
Our eyepiece holder is a large chuck, to 
allow the attachment and centering of 
cameras and other accessories. 

In place of the central spring or center- 
ing screw, conventional in Swiss tele- 
scopes, the mirror mounting has three 
adjusting screws with concentric springs. 
This simpler device puts the screws under 
tension, rather than pressure. Thus the 
force of the springs is self-contained, 
without strain on the base plate or mir- 
ror cell. 

The pier upon which the telescope is 
mounted stands inside but does not touch 
the carrying column of the building plat- 
form. This hinders vibration of the 
building from reaching the instrument. 
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The total cost of the observatory, in- 
cluding the telescope and other equip- 
ment, was 66,000 Swiss francs (about 
$15,000). Over 200,000 francs would be 
needed to duplicate the installation com- 
mercially. In addition to help from club 
members, we received financial aid from 
industrial leaders, town and county 
authorities, and other benefactors. 

We are fortunate that among our so- 
ciety members we have 12 volunteers to 
act as regular demonstrators. The public 
is invited on three evenings a week, with 
school and college groups on three other 
nights. During the first two months of 


operation, nearly a thousand persons, 
not counting school classes, visited the 
observatory. While there is no admission 
charge, we have a collection box for con- 
tributions, to be used exclusively for 
improvements to the observatory. 

Astronomy is becoming very popular 
in our country. Ten years ago the Astro- 
nomical Society of Switzerland had but 
390 members; now we have 1,400 — an 
impressive number in a country of only 
five million persons! We Kope that our 
new observatory will help spread an even 
wider interest in the wonders of the 
heavens. 


OPTICAL SOCIETY MEETING 

The Optical Society of America will hold 
its fall meeting at the Somerset Hotel in 
Boston, Massachusetts, on October 12-14, 
1960. In addition to inviting three speak- 
ers from the Soviet Union, the society has 
requested papers from A. Maréchal of 
Paris, E. Inglestam of Stockholm, and 
L. Bovey of Harwell, England. Seminars 
entitled “Teaching” and “Vision” will 
be conducted. 

Further information about the meeting 
may be secured from Dr. Mary E. Warga, 
Optical Society of America, 1155 16th St. 
N.W., Washington 6, D. C. 





This Month’s Solar 


HE LAST of 1960's four eclipses will 
Ti a partial one of the sun on ‘Tues- 
day afternoon, September 20th. Ob- 
servers in Alaska, western Canada, the 
western United States, and northern 
Mexico can expect to watch the moon 
obscure a narrow part of the solar disk. 
The accompanying map, which has 
been adapted from the American Ephem- 
eris, will enable the reader to predict the 
approximate circumstances of the eclipse 
for his own locality. East of the heavy 
line running from Labrador to Alabama, 
no observations will be possible, as the 
eclipse begins after sunset. Within the 
large loop, reaching from the North Pole 
to Mexico, the sun will set before this 
eclipse ends. 

Heavy dashed lines run roughly south- 
west to northeast, over the western part 
of North America, and are labeled with 
the Universal times of mid-eclipse. Cut- 
ting across them is a second set of lighter 
dashed lines, which indicate the half- 
duration of the eclipse. With the aid of 
this network, the beginning and ending 
times can be estimated for any place 
where the phenomenon is visible. 

For example, consider the position at 
latitude 35° north, longitude 120° west, 
where the 120th meridian meets the Cali- 
fornia coast, near Santa Barbara. There 
the middle of eclipse is at 0" 00" UT of 
September 2Ist, and the half-duration is 
about 43 minutes. Hence the beginning 
and ending are at 23" 17" and 0° 43™ UT, 
respectively, at that place. To obtain 
Pacific daylight time, deduct seven hours, 
giving 4:17 p.m. and 5:43 p.m. on the 20th. 

Maximum obscuration will occur in 
Bafhin Island, northern Canada, where 
61.4 per cent of the sun’s diameter will 
be covered by the moon at the middle of 
the eclipse. Farther west and south the 
value decreases, becoming zero along the 
line in the chart labeled “Southern Limit 
of Eclipse.” Watchers in California should, 
therefore, expect to see only about 20- to 
30-per-cent coverage. 

One of the most satisfactory means of 
viewing the eclipse is by projecting a tele- 
scopic image of the sun on a white screen 


Eclipse 


a foot or more behind the eyepiece, in 
exactly the same way that many amateurs 
observe sunspots. This method is safe, 
and permits simultaneous viewing by sev- 
eral persons. If the eclipse is viewed 
through a telescope, the aperture should 
not be more than two or three inches, 
and a very dense filter, preferably used 
with a Herschel wedge, is necessary to 
protect the eye. 

Those watching the eclipse without 


telescopes should also use a very dark 
filter or unexposed film. A simple way 
to view a partial eclipse is to allow sun- 
light to enter a darkened room through 
a pinhole, which forms an image on the 
opposite wall. 

Photography of the event is relatively 
easy if neutral density filters are used. 
Since the diameter of the solar image is 
only about 1/100 the focal length of the 
camera lens, a long-focus lens is advisable. 
Test photographs of the sun can be made 
in advance of the eclipse to determine the 
correct exposure and filter choice. 
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Western observers of this month’s solar eclipse may use this diagram, adapted 

from the 1960 “American Ephemeris and Nautical Almanac,” to predict the 

time and duration of eclipse at their particular localities. The moon’s shadow 
will move from northwest to southeast across North America. 
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EarRTH SATELLITES Now IN ORBIT 


O MANY artificial satellites are now 

circuiting the earth that it is not easy 
to remember all their names or even to 
guess their Hence, 
the accompanying listing of the chief 
characteristics of 28 satellites aloft on 
August 1, 1960, may be useful. It has 
been compiled largely from data providesl 
by the National Aeronautics and Space 
Administration. 

Only those satellites sometime so well 
observed that their orbits were known have 
been included. Probably a 29th major 
object — 195931, the carrier rocket of 
Explorer VI — is also circling the earth, 
but it has not been observed often enough 
for its path to be calculated. Not listed 
are various tiny bodies, such as the cast- 
off despin weights of certain satellites. 
Although some of these minor objects 
may remain up for centuries, they are 
rarely observed with present instruments. 

For each of the 12 launchings that 
placed the satellites aloft, the dates and 
times are given in Universal time. All 
these objects were sent up from Cape 
Canaveral, Florida, except, by  coinci- 
dence, those labeled epsilon. Of these, 
19592 (the capsule that separated from 
Discoverer V) and 1960¢1 (the cabin de- 
tached from Sputnik IV) share a furthe1 
coincidence; neither was originally in- 
tended to be in orbit at this time! In 
both cases, the rockets that were to return 
them to earth were wrongly oriented 
when they fired. 


number correctly. 


OBSERVING THE SATELLITES 


The purposes listed for the individual 
payloads are somewhat arbitrarily selected, 
since most of the satellites have each 
carried several important experiments. 

Explorer I (1958%) was the first suc- 
cessful American launching, following 
two notable Soviet firings that placed 
three objects in orbit in the fall of 1957. 
It was this satellite that gave the initial 
instrumental indication of the Van Allen 
radiation belts. Vanguard I (195882) was 
the first to succeed in a series of satellites 
intended as a major American contribu- 
tion to the International Geophysical 
Year; it continues to return useful infor- 
mation from its tiny solar-powered radio. 
The Minitrack observations of this object 
have provided perhaps the most precisely 
known satellite orbit. It has given us im- 
portant insight into atmospheric density, 
and has demonstrated that the earth’s 
gravitational field is not exactly symmetri- 
cal around the terrestrial equator. Recent 
studies have detected the minute effect of 
the pressure of sunlight upon the motion 
of Vanguard I. 

All of the five later 1958 satellites have 
long since fallen. Among them = was 
195861, Sputnik III’s carrier rocket, that 
was probably the most often observed 
astronomical object during its 202-day 
lifetime. An immense catalogue of nearly 
100,000 optical and radar positions of it 
has recently been published by Space 
Track, almost 90 per cent of them ob- 
tained at Air Force stations. Most of the 
other observations in the catalogue were 
made by Moonwatch teams. 





From last year’s six successful Discoverer 
launchings, only the “‘wrong-way” capsule, 
1959¢2, remains in orbit. Russia’s Lunik 
III (19596), which photographed the far 
side of the moon, is presumed down. The 
other 1959 satellites are still aloft. 

Vanguard II (195921) is the cloud- 
cover satellite whose data have been con- 
fused by its tumbling. The paddle-wheel 
satellite, Explorer VI (195982), carried its 
varied array of instruments far out from 
Earth and returned to within range of 
terrestrial observers about twice a day. 
Despite repeated attempts to detect Ex- 
plorer VI and its rocket carrier, there are 
no recent observations of either to pro- 
vide current orbits and check the pre- 
dicted effects of lunar perturbations. 

Vanguard III (1959%) will be remem- 
bered by its peculiar conical appendage, 
and the “IGY heavy,” Explorer VI, by 
its squat-spindle shave. Of 1959's  satel- 
lites, only the latter is still transmitting. 

The list omits Pioneer V_ (1960) be- 
cause it is moving around the sun rather 
than the earth. All of this year’s satel- 
lites remain in orbit except Discoverer XI 
(19603) and Sputnik IV’s rocket (1960¢2), 
which returned to earth on April 26th 
and July 17th, respectively. During its 
relatively brief life, the latter was the 
brightest artificial satellite visible, a dis- 
tinction that probably now belongs to 
1960¢1, the “wrong-way” cabin. Accord- 
ing to Space Track forecasts, two other 
fragments of the Soviet spaceship, 196025 
and 1960.7, will shortly end their careers 
in space. 

A new era in weather forecasting was 
ushered in by Tiros I (196082), but its 
television system ceased effective operation 


CHARACTERISTICS OF ORBITING EARTH SATELLITES 


Satellite Name Launched Major Program Shape 
Date UT 

1958a@ Explorer I Feb. 1 3:48 Cosmic rays Cylinder 
19581 Vanguard I carrier Mar. 17 12:15:41 Cylinder 
195882 Vanguard I Mar. 17 12:15:41 Geodesy Sphere 
1959al Vanguard II Feb. 17 15:54:28 Cloud cover Sphere 
1959a2 Vanguard II carrier Feb. 17 15:54:28 Cylinder 
195982 Explorer VI’ Aug. 7 14:24:20 Van Allen belts Sphere 
1959e2 Discoverer V capsule Aug. 13. 19:00:08 Recovery attempt Tub 
1959 Vanguard III Sept.18 5:29:45 Magnetometry Sphere, cone 
19591 Explorer VII Oct. 13 15:30:05 Radiation balance — Biconical 
1959.2 Explorer VII carrier Oct. 13° 15:30:05 Cylinder 
196081 =‘ Tiros I carrier Apr. 1 11:40:09 Cylinder 
196082 Tiros I Apr. 1 11:40:09 Weather patterns =Drum 
1960y1 Transit I-B carrier Apr. 13. 12:02:36 Cyl., nozzle 
1960y2 Transit I-B’ Apr. 13. 12:02:36 Navigation system Sphere 
196073 Transit I-B metal part Apr. 13. 12:02:36 Separation test Plate 
1960e1 Sputnik IV cabin* May 15 ? Life-support test 
1960¢1 Midas II May 24 17:36:46 Launch detector Cylinder 
1960¢2 Midas II fairing May 24 17:36:46 
196071 Transit II-A June 22. 5:54:08 Navigation system Sphere 
196072 Transit II-A companion June 22. 5:54:08 Lyman-alpha Sphere 
19603 Transit II-A carrier June 22 5:54:08 Cyl., nozzle 


1. 195951, the carrier rocket for Explorer 


Length Diam. Weight Radio 
(in inches) lbs. 
80 6 31 Off May 23, 1958 
48 20 50 
6.4 3.2 108.022 mc. 
21 23 Off Mar. 15, 1959 
57 18 51 
29 + 26+ 142 Off October, 1959 
27 3S 195 
46 20 100 Off Dec. 11, 1959 
20 20 91.5 19.9904 mc. 
60 6 
ps 24 50 
19 42 270 107.997 me. 
178 55 1283 
36 265 Off July 12, 1960 
12 
5512 Off July 2, 1960 
260 60 5000 Frequency secret 
36 223 54 mc., and others 
20 40 108.00 me. 
178 59 1283 


VI, may never have been observed reliably; hence it is omitted from the list. Plus 


signs on the length and diameter of 195952, Explorer VI, indicate that 20-inch-square paddles are attached. 2. The radio of Transit 
I-B may be reactivated later on solar power. 3. Total weight of Sputnik IV (including cabin) was 10,008 pounds. Objects 1960¢3-9 
are fragments of the spaceship; they are included in the total of 28 satellites. 
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on June 17th. One of its tracking beacons 
continues to function. 

The first experimental navigation satel- 
lite to attain orbit was Transit I-B 
(19602), but its radio apparatus is now 
silent. Later, an attempt may be made to 
switch two of its transmitters to solar 
power. The second ‘Transit satellite, 
196071, continues to orbit remarkably 
close to its smaller twin, 1960742. Their 
radios are still operating. 

Even by radar, only infrequent obser- 
vations are being made of the fragments 
of the Soviet spaceship numbered 1960¢3 
through 9. The transmitter in the cabin 
itself, 1960¢1, is silent. 

Largest and probably brightest of all 
American artificial satellites now circling 
the earth is Midas II (196021). The two 
Able-Star vehicles (196081 and 196073) 
are large enough to be faintly visible to 
the unaided eye under favorable con- 
ditions. All the rest are probably tele- 
scopic objects, and require detailed pre- 


In the sixth column, 7 is the inclina- 
tion of the satellite orbit, which is the 
angle between the orbital plane and 
that of the earth’s equator. To specify 
completely the orientation of the orbit 
in space, a further quantity is tabulated 
as Q in column seven. This is the right 
ascension of the ascending node, where 
the satellite passes northward through 
the earth’s equatorial plane. As a result 
of the earth’s oblateness, the node _ is 
shifting westward in every case, the daily 
change in Q being listed as 2’. 

The ninth column specifies the argu- 
ment of perigee, w. It is the angle, at the 
center of the earth, between the ascend- 
ing node and the perigee point, measured 
along the orbit in the direction of the 
satellite’s motion. 

Next is given the daily change, w’, in 
the argument of perigee. As the table 
shows, for satellites with small inclina- 
tions, the shift of the perigee is eastward 
(w’ positive), but for near-polar orbits 
the perigee is changing in the opposite 


is the fraction of the period that had 
elapsed at that time since the previous 
passage through perigee. 

Beside giving a bird’s-eye view of the 
nature of the orbits of the better-known 
current satellites, this listing furnishes 
the basic data needed for approximate 
predictions, at least for the immediate 
future. The listed satellites with high 
perigees all have well-known orbits, and 
for them the elements tabulated should 
provide fairly good predictions through 
September. 

Since only six elements are needed to 
define an orbit at a given instant, and a 
seventh quantity is used to show the rate 
at which energy is lost to the atmosphere, 
it is evident that three of the 10 tabulated 
quantities are derived from the others. 
In calculating these the properties of the 
earth’s gravitational field are considered. 
For this table only first-order effects that 
depend on the earth’s oblateness were 
used; these suffice for all ordinary pur- 
poses. Recently, Dirk Brouwer of Yale 


dictions of position for their observation. 
University Observatory published a treat- 


ment that is complete to the second order. 
MARSHALL MELIN 

Research Station for Satellite Observation 
P. O. Box 4, Cambridge 38, Mass. 


direction. If a satellite had an orbital 
inclination of just 63.4 degrees, the argu- 
ment of perigee would remain constant. 

The last column tells us the location 
of the satellite in its orbit at the epoch, 
July 25, 1960, at 0" UT. The quantity M 





OrsiTs OF CURRENT SATELLITES 


UCH information in compact form 

concerning the motions of the 

artificial satellites now in orbit is pre- 

sented in the table on this page. These 

| data, which are limited to objects whose 
\ paths are reasonably well known, have 


EARTH-SATELLITE ORBIT SITUATION ON JULY 25, 1960, 
AT 0" UNIVERSAL TIME 


been adapted from elements provided 





by Space Track, the Smithsonian Astro- Satellite P P’ Hh i 2 Q < w" M 
physical Observatory, and the NASA com- min. min./day miles miles deg. deg. deg./day deg. deg./day 

puting center. 1958a 108.03 —0.006 1195 214 33.21 197.7 —481 128.1 +7.18 0.531 

| The orbital elements of earth satellites 195881 138.436 —0.00006 2680 408 34.25 2304 —2.84 368 +4.15 0.794 

are notoriously perishable, that is, liable 195882 134.035 —0.00005 2448 405 34.26 75.7 —3.02 323.6 +4.41 0.695 

to changes that make long-range predic- 198 ‘i : , ; . ni , ‘i ? 
tions unsafe. For this reason, the num- 59al 125.59 c_ 2047 349 52.86 146.7 3.51 15.2 + pe 0.685 
bers given here are valid for one particu- 1958e2 129.83 —0.0003 2281 346 32.89 261.9 —3.29 2005 +4.95 0.531 
lar epoch, 0" Universal time on July 25, gill s ae a te Da 
1960. However, estimated rates of change 1959¢2 hap — 0.03 . = 22 i 255.2 “ ee —— — 2.81 0.149 
of the three elements that affect the pre- 1959y 130.06 —~ C0008 2321 318 33.34 295.3 — 3.28 20a. t bap 0.947 
diction calculations strongly are presented 195911 101.25 - 0.0003 670 346 50.32 35.66 —4.18 303.3 +3.40 0.737 
in the table. 19592 101.14 —0.0003 667 343 50.30 34.4 —4.20 311.3 +3.42 0.536 

In the second column, P is the anoma- 19691 99.21 + — 0.0002 467 428 «48.41 «96.2 —4.55 226.4 +4.12 0.703 

listic period, or the time in minutes re- 196942 99.22 —0.0001 466-430 48.40 96.2 —4.55 226.3 +4.12 0.450 
quired for the satellite to travel from the 196971 94.51 —0.008 416 199 51.99 153.5 —4.73 251.6 +3.44 0.342 
perigee point of its orbit around to that 196072 95.62 —0.003 444 237 51.28 159.8 —4.68 255.9 43.57 0.887 
point again. In every case, this period iogpy9 98.62 384 177 51.29 136.0 —4.91 2818 +3.75 0.511 
is gradually shortening, as a result of in- 1969¢1 94.01 —0.004 405 181 64.89 34.7 —3.30 66.8 —0.39 0.859 
teraction with the atmosphere. The rate 1960¢3 94.11 —0.002 419-173 64.89 35.3. —3.29 56.6 —0.39 0.217 
of period change, P’, is given in column — j 96,4 94.0 408 176 64.89 

) three, expressed in minutes per day, and 1960e5 92.1 997 176 64.89 

. is an average rather than an instantane- 1969.6 99.4 994 176 64.89 

? ous value. P’ is among the least definite — j9¢9,7 91.7 268 176 64.89 
characteristics of a satellite’s motion, andj g¢0,.g 92.3 305 176 64.89 
may easily change by several times its  jg¢g9,9 99.4 315 176 64.68 

average value. . 196051 94.57 317 299 33.00 269.9 —6.43 333.2 +9.65 0.705 

| The apogee and perigee heights in  j960%9 —_94.20 303 291 33.00 2686 —6.49 353.8 +9.73 0.418 
miles are listed under 1 and A, respec: § 19g043 101.65 650 389 66.77 32.1 —2.56 212.6 —0.72 0.749 
tively. These are heights based on the 96,9 101.65 658 382 66.77 32.1 —2.56 2126 —0.72 0.759 
earth’s equatorial radius of 5963.5 miles, 1960.5 101.36 640 384 66.77 31.4 —2.57 211.1 —0.73 0.098 


and to get apogee and perigee distances 
from the center of the earth that value 
must be added to the tabulated figures. 
The semimajor axis of the satellite's 

* orbit (not listed) is the mean of the 
apogee and perigee distances. 


*Orbit uncertain 
The abbreviations used in this table are: P, anomalistic period; P’, rate of change 
of period; H, apogee height; h, perigee height; 7, inclination to earth’s equator; Q, 
right ascension of the ascending node; 2’, motion of the node; w, argument of perigee; 
w’, change in argument of perigee; M, fraction of period elapsed between time of 
previous perigee passage and July 25th, 0" UT. 
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The Large Solar Telescope at Kitt Peak — II 


Robert R. MCMatH and A. KerrH Pierce, Kit Peak National Observatory* 


S ‘TOLD last month, the world’s larg 
est telescope for observing the syn 
is now under construction at Kitt 


Peak in towel! 
some 100 feet high, an 80-inch plane mit 


Arizona. Mounted on a 
ror will reflect sunlight down a slanting 
shaft to a 60-inch concave mirror nearly 
500 feet Phis 
image almost a yard across, which can be 


away. will form a_ solar 
photographed or studied with powerful 
spectrographs. We now continue the de 
scription of some design features of this 


novel instrument. 


Heviostar MouNtING 


Our 80-inch 
mounted in one of two basic 


heliostat mirror could be 
ways: 

Il. On a fork, with two bearings, large 
worm wheel, and right-ascension driving 
mechanism; all this would be placed to 
the north of the mirror to permit the re 
flection of light south along the polar axis. 

2. Ona with 


bearing to the north and the other to the 


yoke or bobbin, one 


south of the heliostat mirror, as in the 
two-pier mounting of the Mount Wilson 
100-inch telescope, but in this case requir- 
ing the southern bearing to be hollow so 
that light could pass through it to the 
60-inch focusing mirror. 

The fork mounting was rejected early 
in our design considerations, since it 
would require a large mass on the north 
‘This 


mass would therefore be above the level 


ern extension of the polar axis. 


of the mirror and might influence seeing 
conditions; it would also present a large 
exposed area to the wind. 

However, final 
made in favor of the yoke type, we needed 


before a decision was 
assurance from our engineers that the pro- 
duction of a precision worm gear without 
a hub or center was feasible. A ring worm 
gear, we were told, would offer no unusual 
problems in manufacture. In fact, having 
spokes or a thin web plate in the center 
of a large worm wheel presents very difh- 
cult casting problems that we avoid. 
Having decided on the general form of 


the mounting, we next considered the 


g, 
mirror: its size, weight, and support struc- 
ture or cell. ‘The weight of these compo- 
nents determines the characteristics of the 
declination bearings and, in turn, the di- 
The 
size of the hollow south bearing is gov- 
erned by the diameter of the optical beam 
passing through it and, to a lesser extent, 
by the worm gear. The north-bearing size 


mensions and weight of the yoke. 


*Operated by Association of Universities for Re- 
search in Astronomy, under contract with the 
National Science Foundation. 
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This very recent photograph shows tse excavation at the south end of the solar 

telescope structure, where the 60-inch paraboloidal mirror will be housed. 

The view is southward along the optical axis from the floor of the observa- 
tion room. Baboquivari Peak appears in the hazy distance. 


is determined by the load and the need 
to carry through it a number of wires and 
pipes. Finally, the support frame must 
rigidly carry the yoke and be adjustable 
to the celestial pole. ‘The detailed design 
is the work of C. W. Jones of Los Angeles. 

As mentioned last month, we plan tem- 
porarily to use for the mirrors two 60-inch 
quartz disks made many years ago. ‘The 
material for the permanent optical com- 
ponents has not been selected. However, 
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60-INCH CONCAVE 
MIRROR AND 
MOUNTING 


6,604 FT. 











for design purposes we have assumed that 
the heliostat mirror, whether it be of 
ribbed steel, beryllium, 
fused silica, will have a maximum. size 
and weight corresponding to a solid blank 
of fused silica: 82 inches in diameter, 10 


Pyroceram, or 


Diagrams and_photo- 
graphs with this article 
are courtesy of National 
Science Foundation and 
of Kitt Peak National 
Observatory. 
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inches thick, and 4,300 pounds in weight. 

Such a mirror, if supported only around 
its rim, would sag 55 wave lengths of light 
simply from its own weight. Obviously, 
if we expect to hold the surface figure to 
| wave length, a special support system 
is required. Furthermore, unlike the mir- 
ror of an ordinary reflecting telescope, 
this heliostat mirror will point downward 
much of the time. For example, at sun- 
rise in the summer, the heliostat will have 
to reflect sunlight from the northeastern 
horizon to a direction 32 degrees below 
the south point of the horizon. ‘To do 
this, the mirror will be tipped over on 
its face, pointing 28 degrees below the 
southeastern horizon. Yet, at noon in 
June, with the sun high on the meridian, 
the perpendicular to the mirror will point 
upward 25 degrees. 

Therefore, instead of the usual three- 
pad cell of a small reflector or the com- 
plex counterbalance system of large mir- 
each element of area is 


rors, in which 

















\s for edge support, a flat mirror will 
retain its flatness when tipped on edge if 
it is held hydrostatically around its rim 
by a tire that is filled with liquid of the 
same density as the mirror. Though the 
mirror becomes wedge-shaped in that po- 
sition, its surface remains optically flat. 

‘The mirror and cell are carried by large 
ball-bearing trunnions (18 inches outside 
diameter), located so their common axis 
is flush with the mirror face. The result- 
ing unbalance of mirror and cell requires 
a pair of counterweights, one being labeled 
in the diagram. For indicating the mir- 
ror’s position in declination, a pinion 
gear 30 inches in diameter is mounted on 
the west axle, driving a smaller gear and 
in turn a pair of synchro-transmitters. 
Receivers located at the heliostat panel 
and at the master control panel in the 
observing room read degrees and minutes 
of arc. 


On the east side, for slewing the mirror 
to point it in declination, a 30-inch gear 
is driven by a worm and an air-operated 
motor. A tangent arm 94} inches long is 
attached by air clamps to the worm gear 
to provide for slow motion in declination. 

We debated the merits of a single large 
worm gear in place of the small gear with 
tangent arm. In the conventional astro- 
nomical telescope, use of a single large 
worm gear eliminates the difficult cou- 
pling problem between the slewing mech- 
anism and the tangent arm. Also, an 
accurate declination-indicating system is 







YY SUN 
4 ES 
SECONDARY 
80-INCH\ HELIOSTAT 
HELIOSTAT A 






























































































KitT PEAK 
SOLAR TELESCOPE 
HELIOSTAT 
EQUIPMENT 
ROOM 
WINCH 
CABLES 
WIND SHIELD 
ALUMINIZING AND || |HELIOS TAT 
Room INSULATION STRUCTURE } WINCH 
wat GEEO. ET 6,770 FT. 
EPP PPE US| ee” A ata 
=m 7 
/ JOBSERVATION oe 
Hy | Room — 
I Hl 16,746 FT. HELIOSTAT 
‘FUTURE 
a: | a SUPPORT TOWER 
t I 
at 
VERTICAL : - 
| EL Heeaeeouae Below: The huge heliostat support tower (see drawing on page 
“a pees H E | SPECTROGRAPH 64 last month) will rest on foundations in this diamond-shaped 
f excavation, which is here viewed from finished-grade level. 
S t | 
‘aot tecenie 
FuTURE ~}| ||. | | 
SPACE SPECTROGRAPH] |) 2 | | | 
—— 


SPECTROGRAPH | : 











SHAF T~—_ 


—s 

















supported both tangentially and normally 
to the surface, we have adopted another 
scheme. ‘The weight perpendicular to the 
mirror’s face can be perfectly supported 
by air pressure at the back, less than one 
pound per square inch being required 
with the mirror horizontal. This added 
pressure is less as the mirror is tipped, 
changing with the cosine of the inclina- 
tion to the horizontal. It must be re- 
placed with a slight vacuum when the 
mirror is facing downward. 
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These two drawings of the 80-inch heliostat mounting show it as seen from the east side (left) and from above. The 
jacks are used for polar alignment. Light from either of the 36-inch auxiliary heliostats must pass through the north pedes- 
tal, while the main 80-inch mirror sends its broad beam through the 10-foot tire southward to the focusing mirror. 


obtained directly from the worm gear’s 
precision drive. 

Despite these recognized advantages, in 
the design of the heliostat we preferred 
the complication of the tangent arm, be- 
cause we could make it of long radius. 
Each small adjustment of the outer end 
of the tangent arm would thus provide a 
precise and very small change in the mir- 
ror’s position in declination. ‘This is im- 
portant because of the doubled motion 
of the image caused by reflection from 
the heliostat mirror. We also felt that 
were we to put a worm gear 90 inches or 
more in diameter and its cover to one 
side of the mirror face, the free flow of 
air across the optical surface would be 
upset. Furthermore, the added mass would 
have to be counterbalanced and carefully 
temperature controlled. 

A stress-relieved welded structure forms 
the 24,000-pound yoke. A hollow axle 
(eight inches inside diameter) at the north 
end carries an extension tube, around 
which is wrapped the right-ascension pre- 
load cable and through which electrical, 
water, and air leads are brought. The 
south end, which expands into a large 
ring bearing or tire 10 feet in diameter, 
is supported radially by two oil-pad_ bear- 
ings, while the 27,400-pound end thrust 
is resisted by two similar bearings on the 
south face. 

When the right-ascension drive is start- 
ed, there will be formed between the end- 
thrust pads and the south face of the tire 
an oil film 0.003 inch thick, which will 
cause a longitudinal displacement of the 
yoke and the north bearing. (A similar 
movement might be caused by differential 
expansion between yoke and base.) The 
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simplest and most satisfactory way to pro- 
vide for this motion would be to mount 
the north bearing in a thin flexure plate 
or diaphragm, thus allowing the north 
pedestal to move. However, since we plan 
to mount 36-inch auxiliary mirrors on the 
north pedestal, it must remain fixed in 
position. ‘Therefore, we will permit a 
slight axial movement within the north 
bearing. 

Meehenite-processed cast iron has been 
selected for the 720-tooth worm wheel. 
Each individually cut, 
hobbed, and shaved (or burnished) to a 
positional accuracy of 0.0002 inch. A 
hardened-steel worm, turning once in two 


tooth is to be 









“) 
i 
MECHANISM 





. FOCUS 
SCREW 











A diagram of the 60-inch paraboloid’s 
mounting, drawn nearly the same scale 
as those above. To move the frame 
along the track, the nut on the focus- 
ing screw engages one of several cogs. 
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minutes, will give the yoke a mean motion 
of 900 seconds of arc per minute. In some 
telescopes, the depth of engagement of 
the worm with the gear is governed by 
rollers riding on a concentric smooth sur- 
face. For the Kitt Peak heliostat, the 
worm and gear will have approximately 
0.001-inch clearance when stationary. As 
the oil film on the pad bearing changes 
from zero to its operating thickness of 
0.003 inch, the clearance will be substan- 
tially increased. However, if the right- 
ascension preload weight operates prop- 
erly and the oil film thickness is constant, 
the drive will be accurate and without 
backlash. 

‘Twelve sensitive limit switches, each 
with a micrometer adjustment, will be 
placed electrically in series with the right- 
ascension drive, so that if any one of them 
trips due to insufficient oil film the tele- 
scope drive will stop. About 1} gallons 
of oil per minute at 350 pounds pressure 
are required for the four bearings. It is 
of interest that the coefficient of friction 
for a ball bearing is about 0.002 while that 
of an oil-pad bearing is about 0.000001. 

The telescope’s drive must be remark- 
ably precise yet very flexible. On _ the 
average, the sun appears to move across 
the sky at a diurnal rate of 900 seconds 
of arc per minute of time. But this uni- 
form rate, that of the fictitious mean sun, 
is greatly modified for the true sun by 
refraction. This has its maximum effect 
at sunrise and sunset, displacing the sun 
a whole diameter at those times. For ex- 
ample, at a zenith distance of 85 degrees 
on June 2lIst, soon after sunrise, the rate 
in right ascension is 900 — 16.5 seconds 
of arc per minute of time, and in declina- 
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tion —8.7. Other factors affecting the 
sun’s apparent motion are the inclination 
of the ecliptic to the equator and the 
eccentricity of the earth’s orbit, but their 
effects are much smaller than that of 
refraction. 

These changing rates, and various types 
of scanning motions desired by the ob- 
server, require that we superimpose on 
the uniform solar drive a variable system 
controlled either manually by the astron- 
omer, or through a programmer such as 
punched tape, or by servomechanisms, 
with the actual superposition being accom- 
plished by means of precision mechanical 
differentials. 

The heliostat base frame will weigh 27 
tons. Because of its size, 26 by 17 feet, 
and to solve a transportation problem, it 
will be manufactured in four parts: the 
north and south pedestals and the two 
side connectors (shaded in the diagrams). 
The frame carries four strong unsprung 
wheels and three jacks for polar adjust- 
ments. Also, rather than have separate 
supports for the proposed auxiliary op- 
tics, we have provided machined bosses 
on the north pedestal for mounting the 
36-inch-aperture subheliostats shown in 
the drawings. 

In accordance with our plan to main- 
tain the surrounding air temperature on 
all surfaces exposed to sunlight, as dis- 
cussed last month, the voke face, gear 
covers, and support frame will be covered 
with panels having integral cooling chan- 
nels or pipe. The hoist can move the 
heliostat along the track at four feet per 
minute. Its 20-horsepower motor drives 
a gear-reduction unit and two drums on 
which are wrapped a plow-steel cable 1} 
inches in diameter. ‘Thus, the heliostat 
mirror can be transported to the alumi- 
nizing chamber whenever necessary. 


CONCAVE MIRROR MOUNTING 
AND 48-INCH FLAT 


The mounting of the 60-inch concave 
mirror is relatively simple. It requires 
longitudinal motion for precise focusing, 
as well as up-down and east-west tilting 
for collimation. Mounting the mirror in 
gimbals permits scanning the sun’s image 
and allows the proper positioning for easy 
removal of the mirror from its cell. 

Recent experience at Mount Wilson 
with the tower telescopes shows that the 
quartz mirrors exposed to sunlight under- 
vo focal changes of less than one-eighth 
of one per cent, whereas with pyrex mir- 
rors the change amounted to one or two 
per cent. On this basis, we expect that 
our temporary quartz mirrors will have 
focal changes of about four to five inches. 
However, to accommodate other instru- 
ments and the focal planes of different 
spectrographs, we must provide about six 
feet of focus motion. Furthermore, to 
feed light to possible future accessories, 
the whole mounting of the 60-inch mirror 
must be movable 30 feet along the track. 

The 60-inch mirror is supported by a 
stainless-steel band around its rim, and 
rests lightly back on a multiple-support 
system. Tilt motions are provided by tan- 
gent arms. Focus, over a six-foot range, is 
obtained by a motor-driven screw, whose 
nut engages a cog at one of several sta- 
tions in the floor of the tunnel. One 
precision-ground V-shaped rail guides the 
focusing movement of the whole frame. 

The third reflection of sunlight in the 
solar telescope takes place at the 48-inch 
optical flat located above the observation 
room, approximately 20 feet inside the 
60-inch mirror’s focal point. This flat can 
be tilted to direct the convergent beam to 
any spectrograph that may be used. Near 


the focus, the beam of light is onlv four 
times as intense as direct sunlight, hence 
we anticipate no great local heating there. 
It will be necessary, nevertheless, to re- 
ceive the final image on a water-cooled 
surface, and to allow only that area of 
light necessary for spectroscopic observa- 
tions to proceed to the slit. 


VACUUM SPECTROGRAPH 

The summer of 1955, warm and stable, 
gave excellent seeing at solar stations 
throughout the world. At Lake Angelus, 
Michigan, the new vacuum spectrograph 
of the McMath-Hulbert Observatory (Sky 
AND TELEscope, July, 1955, page 372) fur- 
nished beautiful spectra of solar granula- 
tion. The results tantalized us with the 
vision of a larger instrument of greater 
speed, fed by a large solar image. 

Thus, the success of the Lake Angelus 
spectrograph has led us to plan a near 
duplicate of it for Kitt Peak. After a 
predisperser serves to prevent overlapping 
of the spectral orders, the light passes 
through a quartz window; it is collimated 
by a mirror and sent to the grating, lo- 
cated just below the slit and to one side. 
Part of the dispersed light is collected by 
one of two 16-inch concave mirrors. which 
forms an image on the photographic plate 
or photocell. The optical train will be 
inside a vacuum tank about 70 feet long 
and six feet in diameter, whereas the 
McMath-Hulbert tank 
four feet. 

Planning the world’s largest solar tele- 


measures 52. by 


scope has been a complex task. In addi- 
tion to persons mentioned in the text of 
this article. W. W. Baustian. Ira S. Bowen. 
Orren Mohler, Bruce Rule, C. D. Shane. 
and many others have contributed ideas 
that have been incorporated into the 
instrument's design. 
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Q. What are the magnitudes of Jupi- 
ter’s four large satellites? 

A. When Jupiter is at an average op- 
position, their visual magnitudes are: lo, 
5.5; Europa, 5.7; Ganymede, 5.1; and Cal- 
listo, 6.3. But when the planet is far 
from opposition, they are considerably 
fainter, by as much as 0.9 magnitude 
when Jupiter is in conjunction with the 
sun. 

Q. Are most 
or elliptical? 

A. The great majority 
nearly circular, and appear so if located 
near the center of the moon’s disk. In 
the vicinity of the moon’s limb, perspec- 
tive causes an elliptical aspect. 

Q. Which planet is larger, Uranus 
or Neptune? 


lunar craters circular 


are actually 


A. Uranus, for it has an equatorial 
diameter of about 29,600 miles, compared 


oO" 


to 27,700 for Neptune. Both figures are 


somewhat uncertain because of the difh- 
culties of measurement. 

Q. What do the letters c.p.m. repre- 
sent in the double star lists of Norton’s 
Star Atlas? 

A. Thev are an abbreviation for com- 
mon proper motion, and are used to note 
that the stars of a pair appear to be 
traveling through space together. 

Q. Do giant stars rotate quickly or 
slowly? 

A. In general, more slowly than cor- 
responding main-sequence stars. 


Q. What are flare stars: 

A. These are M-type dwarfs that have 
rare and verv brief increases in bright- 
ness of between one and six magnitudes. 
Maximum brightness is reached in less 
than a minute, and the whole event lasts 
usually less than an hour. UV Ceti is a 
typical flare star. 

Q. When is the next total eclipse of 
the sun visible in the United States? 

A. July 20, 1963. The central line 
extends from Alaska across Canada _ to 
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Mainé. The maximum duration of the 
total phase will be 100 seconds, in north- 
Canada. An early 
visible in the 


western afternoon 


partial eclipse will be 
Northwest. whereas the time will be late 
afternoon for eastern watchers. 


W. £23. 





BROOKHAVEN ACCELERATOR 
ATTAINS 30 BEV. 

The alternating gradient synchrotron 
(AGS) at Brookhaven National Labora- 
torv, described in the June, 1959, Sky AND 
TELESCOPE (page 446), was put into oper- 
ation for the first time on July 29, 1960. 
For about an hour it produced a beam 
of protons with an energy of 24 billion 
electron volts, and then was stepped up 
to produce more than 30 bey., the highest 
energy reached by a particle accelerator. 

Brookhaven scientists hope within the 
next few months to perfect the accelera- 
tor’s adjustment so that its design energy 
of 32 bev. can be consistently attained 
\ similar accelerator near Geneva, 
Switzerland, in operation since late last 
November, works at 28 bev. 
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1 Lick 120-inch 
Photographs—Il| 


inch reflector is stellar spectroscopy at very high 
dispersion. ‘The telescope’s effectiveness for this 
work is shown by the details in this spectrum of the 
long-period variable star R Leonis, taken on March 21, 
1960. The giant M-type star was at magnitude 5.9, near 
its maximum light, during the 150-minute exposure. 
Lick astronomer George H. Herbig used the coude 
spectrograph of the 120-inch, with a Babcock grating 
ruled 15,000 lines per inch over a 63-by-8}-inch area. To 
obtain a larger scale, the second-order spectrum from 


. PRIMARY PURPOSE of Lick Observatory’s 120- 


this grating was used, being fed into a camera of 160-inch 
focal length. ‘The slit width at the plate was 27 microns, 
and the final dispersion was 2.0 angstroms per millimeter. 
About 1,000 angstroms in the ultraviolet, violet, and blue 
regions of the R Leonis spectrum were recorded on two 
2-by-10-inch plates placed end to end in the plateholder. 
Four-fifths of the resulting 20-inch spectrum is reproduced 
here. ‘The Kodak 103a-O emulsion employed is most 
sensitive at these short wave lengths. 

Along its entire iength, the star’s spectrum is flanked 
The elliptical galaxy NGC 205, a companion of the great spira top and bottom by a comparison spectrum, in order to 
in Andromeda, photographed November 30, 1959, by N. U. furnish a scale of standard wave lengths. The comparison 
Mayall, a 20-minute exposure on a_ blue-sensitive plate. The : 
grainy texture of the outer parts indicates incipient resolution in- 
to stars of magnitude 21 and fainter. This galaxy was first re- 
solved, in red light, by W. Baade with the 100-inch telescope at 
Mount Wilson in 1943. The system’s longest diameter is about 

16 minutes of arc. this purpose. 


spectrum was produced by light from a hollow iron- 
cathode discharge tube, containing neon gas at low pres- 
sure. ‘This arrangement gives sharper lines, more stable 
in wave length, than does the iron arc usually used for 
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R Leonis’ spectrum in the ultraviolet from 3720 angstroms (left) to about 3865. Besides emission lines, a great number 
of absorption lines occur here, most due to metals. The adjoining section of the spectrum is on the facing page. 
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From 3950 to 4090 angstroms, overlapping the preceding part of the violet, including the calcium H line. Note that the 
iron absorption lines are displaced about 1/16 inch to the red (right) of the comparison lines — a Doppler shift. 
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In the blue region, from 4240 to about 4380 angstroms, is another bright hydrogen line, H-gamma, 5} inches from the left. 

It is a blend of several tightly packed components, as are the other hydrogen lines of R Leonis. The Doppler effect men- 

tioned above results partly from the relative motion of the star and earth, partly from a pulsation of the star during the 
course of its light variation. The spectra of long-period variables undergo complex, little-understood changes. 


136 Sky AND TELEscorE, September, 1960 





mem: 

















@ 
. a 
| ; ° . 
* 
- . P 
p . . ‘ 
a a ° : . 
< a> : . 
be fom > =. os 80" . e e 
= “>. ~~ “‘ ° . : 
oF “2 i 
am ae ae 
‘ — £ Wes Ay : z 
. ™ * tal ° 
/ Pr. * e Te ted \ ° °. 
° ¥ ~ - 
! : ™ < ™ * * 7 
~ as _ ae as 
wane " ° ‘ 
4 4 2... ae i * a 
; a ; mt < 
Ws ‘ m, : onl , es ‘ e ‘ 
; ~~ «4 #! ut” ame . ° “ 
“ ry i 3 a a pet M4 ? zw ~ 
; + ie ee ee ‘ 
. es. ae 
° % od + — ‘ ° ° 
i 7 - inn a *s rs he: nem ~ Se « . a 
| 7 e 3 pile , . . . 
. .. . 
‘ - 
. 7 = a “an ° : 
° * . ° . . 
. ° ‘ . a 
1 “ ] ; . . . 
1 : - e ° @e e s 
cm bd . : e 
‘ . . ’ 
, a oe , : a 
e e . « ° 
. e . . a 
) ; e * ° ” e 
ry . ; ° ci 
. ° . 
» re , . oe °- ven 
3 . * e e - 





cd 











The intricate filamentary structure of the gaseous nebula NGC 6960 in Cygnus is well depicted in Dr. Mayall’s half- 
hour blue-light exposure, obtained this year on June 26th with the 120-inch telescope under fairly good observing con- 
ditions. This is part of the western arm of the great Veil nebula loop, the whole forming an enormous expanding shell 
that may be the debris of a supernova explosion of perhaps 30,000 years ago (see “Sky and Telescope,” January, 1958, 
page 116.) The motion of the nebulosity is upward in this picture. Compare the star-field richness in various parts of 
this photograph; the sparseness near top center and to the left indicates the existence of obscuring clouds of interstellar 
dust. The greatly overexposed bright star in the upper right is 4th-magnitude 52 Cygni. Previous photographs in this 
series from Lick Observatory appeared in July (pages 4 to 7) and August (pages 82 and 83). 
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From 3865 to 4010 angstroms. Measure from the right-hand end 23 inches to the very broad H line of ionized calcium, 
4; inches to the K calcium line, and 63 inches to the intense emission line of hydrogen, H-zeta. 
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In this interval, from 4090 to 4230 angstroms, the strong bright line at the left is H-delta of hydrogen. To the extreme 
right, the broad dark line of neutral calcium at 4226 angstroms is very conspicuous. 
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The range here is from 4380 to 4525 angstroms. About 53 inches from the right-hand end, a sudden drop in the 

spectrum’s intensity occurs, next to a regularly spaced extended pattern of narrow absorptions. These form a band of 

titanium oxide, a characteristic of M-type stars. Another band of this same molecule has its head 33 inches from the 
spectrum’s right end. All photographs are courtesy Lick Observatory. 


September, 1960, Sky AND TELESCOPE 137 











+++ AMATEUR Briers +++ 


On September 12th, the Los Angeles 
Astronomical Society will begin its 18th 
year of monthly meetings at the Griffith 
Observatory and Planetarium. During 
the past three months, members have 
given 10 astronomy sessions for crippled 
children at two summer camps. 

Tempus fugit. A former president of 
the Louisville, Kentucky, Junior Astro- 
nomical Society is the new head of the 
adult club in that city. He is James Pp. 
Bulluck, III, a recent physics graduate 
of the University of Louisville. 

There are now 34 public observatories 
and more than 250 astronomical societies 
in Czechoslovakia, according to Dr. Oto 
Oburka, director of the recently com- 
pleted Regional People’s Observatory in 
Brno. The observatory is the clearing- 
house for variable star observing in that 
country. 

In May, some 25 juniors of the Seattle 
Amateur Astronomical Society were week- 
end guests of the Dominion Astrophysical 
Observatory in Victoria, British Columbia. 
After a look at Uranus through the 73- 
inch reflector, the youngsters camped on 
a nearby bluff for all-night observing. 

When secing conditions are good, mem- 
bers of the M31 club in Erie, Pennsyl- 
vania, arrange short-notice field trips by 
telephoning each other to meet at pre- 
selected sites. 

Amateurs in 
states interested in meteor observing are 
invited to join the newly formed Michi- 
gan section of the American Meteor 
Society. Information is obtainable from 
Stephen P. Maran, University of Michigan 
Observatory, Ann Arbor, Mich. 

Since March, the Astronomical League 
has received membership applications 
from six junior and four adult clubs, 
while five societies have dropped out of 
the organization. According to league 
president Chandler H. Holton, the AL 
is now comprised of 155 clubs (not in- 
cluding junior groups affiliated with reg- 
ular societies) and 34 members-at-large. 

From the Galaxy of the Kenosha, Wis- 
consin, Amateur Astronomers: “Here is 
a simple method for finding the angular 
diameter of the field of view with any 
eyepiece in any telescope. Pick out any 


Michigan and nearby 


prominent star on the celestial equator 
and allow it to drift across your field of 
view. As it moves from one edge to an- 
other it is timed. This time is multiplied 
by 15 to get the angular diameter in 
minutes and seconds. For example, if it 
takes one minute and three seconds for 
a star to cross the field, the diameter of 
your field of view is 15 minutes and 45 
seconds.” 

The Burlington, Iowa, Astronomy Club 
wants to hear of project and program 
ideas to maintain interest among’ its 
members. Write to Jack R. Polson, 2214 
Barrett St., Burlington, Iowa. 

HM: GC. 
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Amateur Astronomers 


PERUVIAN AMATEURS 


HE Peruvian Astronomical Associa- 

tion was founded in Lima on August 
15, 1946, by about a dozen amateurs. ‘The 
society now has 300 members in six of 
the more important Peruvian cities. 

Since our inception, we have followed 
two main courses: methodical astronomi- 
cal observation and the popularization 
of this beautiful science. Our chief ob- 
serving programs deal with sunspots and 
variable stars, with some attention to 
meteorological and _ seismological _ phe- 
nomena. To realize our second ambition, 
we set up an institute, giving weekly 
talks and lectures on what we call “Astro- 
nomical Fridays.” A bulletin is also pub- 
lished, and several members give lectures 
on astronomical instruction to school 
teachers. 

A suitable center for our institute, in- 
cluding an observatory, has been of 
primary concern. After much study and 
discussion, we decided in 1956 that a 
planetarium would be a good start in this 
direction, an observatory coming later. 
Commercial quotations were too expen- 
sive, so it was agreed to build the plane- 
tarium projector ourselves, relying on the 


BUILD PLANETARIUM 


technical skill and enthusiasm of Jose 
Castro Mendivil, an engineer and a found- 
ing member of the society. 

The government generously donated 
land in Chorrillos, about nine miles south 
of Lima, overlooking the Pacific Ocean. 
Besides financial help from the govern- 
ment, we received funds from our mem- 
bers and their friends. 

The planetarium building is cylindri- 
cal and two stories high. It is made of 
brick and reinforced concrete. The first 
floor has a lecture hall, a darkroom, rest 
rooms, and other conveniences. On the 
second floor, under a concrete dome 38 
feet in diameter, is the theater chamber, 
which seats 120 persons. When necessary, 
standees can be accommodated in a Cir- 
cular aisle. Along the circumference of 
the dome is a silhouette of Lima’s horizon 
as seen from the Campo de Marte, one of 
our principal parks. This montage can 
be illuminated to show the city at night. 

The star projector is comprised of two 
aluminum hemispheres, 21 inches in di- 
ameter, separated by a six-inch space that 
contains electric and hand controls. On 
each sphere’s surface are lenses and open- 





Individual stars are projected through pinhole openings and special lenses in 
the Peruvian Astronomical Association planetarium. 
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The two-story planetarium building constructed by Peruvian amateurs. 


ings that project the light from two small 
but very powerful bulbs. To achieve the 
desired effect, Mr. Castro made 340 lenses 
with diameters ranging from 25 to two 
millimeters, the smallest being put into 
place with tweezers! 

The largest lenses are for such objects as 
Sirius, the belt of Orion, and the Pleiades. 
The faintest stars are projected through 
pinhole openings. ‘The principal constel- 
lations and stars to the 6th magnitude 
can be shown, covering the entire sky. 

This planetarium is the first one in 
South America that was designed and 
built solely by amateurs. In January, 
1961, it will be visited by delegates at- 
tending the second convention of the 
Latin-American Astronomical League here 
in Lima. 

VICTOR A. ESTREMADOYRO R. 
Enrique Palacios 359 
Chorrillos, Lima, Peru 


Among visitors at the 
planetarium dedication 
last spring was the 
Peruvian minister of 
public education, Jose 
Rubio (center). At the 
left is Augusto Cornejo, 
president of the Peru- 
vian Astronomical As- 
sociation; at the right, 
Jose Castro, who de- 
signed and made_ the 
projector. The pictures 
with this article were 
provided by the author. 





JUNIORS IN NEW YORK 
AND RHODE ISLAND 


On New York’s Long Island, 24 juniors 
have set up the Bay Shore-Brightwaters 
Junior Astronomical Society. Its presi- 
dent is Richard B. Spivak, 517 Manatuck 
Blvd., Brightwaters, N. Y. 

Last April, seven teen-agers formed the 
Rhode Island Stellar Society. ‘Telescopes 
owned within the group range from 
23-inch refractors to a short-focus 10-inch 
reflector. ‘The correspondent is Edward 
Turco, 2528 Cranston St., Cranston 9, 
R. fF. 


SPRINGFIELD, ILLINOIS 
There are nine members in the Sanga- 
mon Astronomical Society. Further in- 
formation may be had from Bart E. 
Schmitt, Jr., 308 E. Farley, Springfield, 
Ill., who is secretary-treasurer. 





THIS MONTH’S PROGRAMS 


Metairie, La.: Pontchartrain Astrono- 
my Society, 8 p.m., Metairie playground 
auditorium. September 9, J. W. North- 
rup, California Oil Co., “Some Ramifi- 
cations of Relativity.” 

Washington, D. C.: National Capital 
Astronomers, 8:15 p.m., Commerce De- 
partment auditorium. September 10, Dr. 
K. A. Strand, U. S. Naval Observatory, 
“Astrometry of Faint Stars.” 


STELLAFANE MEETING 

Tropical storm Brenda, passing north- 
eastward across New England on Satur- 
day, July 30th, caused torrential rains at 
Springfield, Vermont, where the annual 
get-together of telescope makers was in 
progress at Stellafane. More than a hun- 
dred persons gathered under the tent to 
hear the afternoon talks, but setting up 
of instruments was practically impossible, 
and the evening program was canceled. 


MUSKEGON, MICHIGAN 

A dozen amateurs answered a news- 
paper announcement of an astronomical 
get-together last March 9th, and have 
now formed the Port City Amateur As- 
tronomers. The secretary is Mrs. Margaret 
Smith, 2014 Oak St., N. Muskegon, Mich. 

HARRISBURG, PENNSYLVANIA 

A different kind of group project was 
successfully attempted by the Astronomi- 
cal Society of Harrisburg, Pennsylvania. 
For eight nights, members treated patrons 
of the Hotel Hershey to brief lectures, 
answered astronomical questions, and 
provided observing with telescopes. In 
appreciation, the hotel donated $25.00 to 
the club treasury. 

NEW ENGLAND MEETING 

Amateurs in the New England area are 
invited to an astro-assembly at 3 p.m. 
Saturday, October Ist, to be given by the 
Skyscrapers society at its observatory on 
Peeptoad Road in North Scituate; Rhode 
Island. 

Prizes will be awarded for homemade 
telescopes and equipment. Additional 
information may be obtained from Mrs. 
B. Wray, R. F. D. Box 61, Assonet, Mass. 


Conquest | 
Luna 
Pale and serene, 
Trapped frozen world, 
Tranquil, aloof. Your solitude 
Shall end | 


And men 
Shall make of you 

A busy terminal... 
A roadside stop to blaze their trail | 
Through space. 


EppirE-Lou CoLe 
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COLOR INDEX (B-V) 


HE STARS that make up our Milky 
Way system differ greatly in age. 


Very luminous hot blue objects, like 
Vega, are comparatively young; their 
enormous outflow of energy cannot have 
been continuing for more than a rela- 
tively few million years. Because such 
stars are observed in large numbers, the 
supply of them must be replenished, and 
some are being formed at the present 
time. 

At the other extreme, the oldest stars 
are now believed to have ages of the 
order of 20 billion years, perhaps five 
times greater than the best estimates of 
astronomers a few years back. This far- 
reaching finding is based on studies by 
many scientists, notably Fred Hoyle in 
England, Martin Schwarzschild and Allan 
R. Sandage in the United States. 

The break-through was made possible 
by a much improved knowledge of the 
thermonuclear reactions that are the 
sources of stellar energy and by a more 
refined understanding of the internal 
structure of stars. It became feasible to 
trace by calculation the manner in which 
a star evolves, as well as the time scale 
involved. Using a large electronic com- 
puter, today’s theoretical astrophysicist 
can follow, step by step into the remote 
future or past, the changes of a model 
star in radius, luminosity, mass, and 
chemical composition. 

If, then, the properties of suitably 
chosen model stars are compared with the 
observed characteristics of actual stars, 
much can be learned about stellar ages. 
Particularly suitable for this comparison 
are stars that belong to open clusters. 
The members of such a cluster are objects 
of similar ages, which have evolved at 
different rates, primarily because of dif- 
ferences in mass from star to star. 

Three years ago, Sandage presented a 
paper on the color-magnitude diagrams 
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of star clusters, at the Vatican symposium 
on stellar populations. His basic observa- 
tional material is summarized in Fig. 1, 
which gives for each of 10 galactic clusters 
the relation between the absolute magni- 
tudes and colors of its stars. The lower 
parts of the main sequences coincide, but 
for each cluster the upper end of the 
sequence turns to the right. The most 
luminous stars on these “stubs” are of 
absolute magnitude —7 in NGC 2362 and 
the Double Cluster in Perseus, but only 
about +2 in NGC 752. 

Sandage gave the same cluster data in 
a different form in Fig. 2, where the 
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Fig. 2. The color-magnitude diagram 
as replotted with the horizontal scale 
converted to temperature in degrees 
Kelvin (top labels), and the vertical 
scale to intrinsic luminosity. The clus- 
ters to which different features refer 
can be found in Fig. 1. Hot stars are 
at the left and very bright ones near 
the top. The largest stars, with radii 
about 1,000 times the sun’s, are in the 
Double Cluster in Perseus (upper 
right). From “Stellar Populations,” 
Vatican Observatory. 
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Ages of the Stars 


Otto Struve, National Radio Astronomy Observatory* 


vertical scale is stellar luminosity in units 
of the sun, and the horizontal scale is 
effective surface temperature. The dashed 
lines show the radii of the stars in terms 
of the sun’s as unity. 

Sandage told the astronomers gathered 
at the Vatican symposium: “Current ideas 
of star formation and subsequent evolu- 
tion (due principally to early work by 
Opik, Schénberg and Chandrasekhar, 
Gamow, and later by Schwarzschild and 
his school) require that stars are formed 
from the interstellar medium and con- 
tract toward the main sequence. . . 
The central temperature rises during 
contraction, until, at a certain critical 
value, thermonuclear reactions begin, con- 
traction stops, and a stable star is born. 
The luminosity of the stable star depends 
upon the mass of the initial condensation. 
Because there is a mass distribution func- 
tion for the initial condensation, stars 
are spread continuously along the main 
sequence at the time of stellar birth. 

“The first result of the nuclear reac- 
tions is to convert hydrogen into helium 
in the central regions of the star. This 
causes a readjustment of the stellar struc- 
ture so as to compensate for the increase 
in the mean molecular weight. Detailed 
computations of this structural change 
were first made by Schénberg and Chan- 
drasekhar and later by many _ other 
authors. The general result is that the 
evolving star remains close to the main 
sequence until a critical fraction, q,, of its 
mass has been exhausted of hydrogen, at 
which time the star rapidly expands and 
moves redward [rightward] in the color- 
magnitude diagram into the region of the 
yellow giants. 

“These theoretical considerations find 
direct support in Figures | and 2 [Figs. | 
and 2 of the present article]. When a 
cluster has been in existence for a time T, 
all stars brighter than a certain luminosity 
will have exhausted the critical mass q, 
and will have left the main sequence. 
Stars only slightly fainter than this limit 
will have exhausted a smaller fraction 
q, [which is less than] q, and will have 
evolved only slightly from their initial 
stellar structure on the main sequence. 
The details of the theoretical evolution 
explain rather well the observed change 
of slope of each galactic cluster main 
sequence near its termination point. 


*Operated by the Associated Universities, Inc., 
under contract with the National Science Foundation. 
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AGES OF GALACTIC CLUSTERS 


Age in Millions 


Cluster Constellation M, of Years | 
NGC 2362 Canis Major 70) ail 
| Double Cluster Perseus 7.0 | 
Pleiades ‘Taurus 25 20 
; M41 Canis Major L5 60 
M11 Scutum BS 60 
Coma Coma Berenices +-0:5 300 
| Hyades Taurus + 0.8 100 
Praesepe Cancer + 0.8 400 
| NGG 752 Andromeda + 1.9 1.000 
M67 Cancer + 3.5 5.000 


“The age of each cluster follows imme- 
diately if we identify the main sequence Fig. 3. The very young 
ine e ‘ ae . ari Ion o9ce 
termination point with the stage when cluster NGC 2362. sur- 
a star has exhausted gq, of its mass of rounds _Ath-magnitude 
hedeomen. ” Tau Canis Majoris. This 
ee ; exposure of five-minute 
In this way Sandage obtained the clus : ‘ 
Sieeaiia TI ; | off duration was taken with 
ter ages listed here. rey can be read o Harvard’s 60-inch Boy- 
directly on the scale at the right side of den Station reflector on 
Fig. 1, at the level of the absolute magni- November 23, 1939. 
tude, M,, at which the upper end of a 





cluster’s main sequence terminates. For 
M67 there is no gap between the main- 
sequence stars and giants, but +3.5 can 
be taken as the brighter limit for the 
former. 

Thus the galactic cluster NGC 2362 in 
Canis Major (Fig. 3) consists of very young 
stars, less than a million years old, while 
M67 in Cancer has an age of five billion 
years, according to Sandage’s 1957 work. 

During the three years since, several 
important advances have been made. The 
time scale of stellar evolution has been 
more accurately calculated by several astro- 
physicists, most recently by Hoyle and his 
associates in England. ‘These computa 
tions enabled him, in 1959, to revise the 
age of M67 upward to 9.2 billion years, 
and to find that the nearby subgiant star 
Delta Eridani may be as old as 15 billion 
years! Hoyle and J. Crampin also deduced 
an age of 50 million years for the Pleiades, 
although the member star Pleione might 
be even older. 

On the observational side, Ivan King 
had called attention in 1948 to the odd 
open cluster NGC 188 (Fig. 4), noting that 
although it is 14 minutes of arc in diame- 
ter, its brightest stars are only about ap- 
parent magnitude 14. This cluster is in 
Cepheus, at right ascension 0" 39".5, decli- 
nation +85° 04” (1950), and is about 3,000 
light-years distant. 

In 1956, S. van den Bergh, at David 
Dunlap Observatory, noticed that the 
luminosity function (relative number of 
stars occurring at different levels of lumi- 
nosity) of NGC 188 resembled that of 
M67. He therefore suggested to Sandage 
that NGC 188 might be as old or older 
than M67. 

The California astronomer undertook 
a detailed investigation of the cluster in 
Cepheus, measuring the brightness of its 
stars in two colors on photographs taken 
with the Mount Wilson 60-inch reflector, 





Fig. 4. The cluster NGC 188, from a 90-minute blue-light exposure with the 

Harvard 61-inch reflector, taken by Ivan King on July 10, 1948, is here en- 

larged to six minutes of arc per inch. The member stars are unusually faint 
for so large a cluster. Harvard Observatory photographs. 
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Fig. 5 (above). Each dot represents a star in the cluster 
NGC 188, plotted by Sandage in accordance with his 
measurements of its brightness and color. 

Fig. 6 (right) is like Fig. 1, but with the addition of 
Sandage’s data for NGC 188. The position of NGC 
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188 in this diagram indicates its extreme age, greater +8 { { | | br | | 
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in terms of sequences obtained photo 
electrically with the 200-inch Paloman 
telescope. Figs. 5 and 6 are from the 
discussion he plans to publish in the 
Istrophysical Journal. 

Che first of the two is a color-magnitude 
NGC 188, from Sandage’s 
Each point represents 


diagram fo1 
own observations. 
the apparent magnitude and the color 
index of a measured star. In Fig. 6, the 
data for this cluster have been added to 
Fig. 1. 

There is a remarkable similarity in the 
color-magnitude patterns for M67 and 
NGC 188, but clearly the latter cluster is 
considerably older, because its turn-off 
point from the main sequence is at abso- 
lute magnitude +5 instead of +4. Using 
Hoyle’s dating process that gave an age 
of nearly 10 billion years for M67, Sandage 





finds that NGC 188 is perhaps 24 billion 
years old. 

Sandage cautiously remarks in a letter: 
“I personally do not much believe this 
large age and hope other theoretical 
people will compute additional models.” 
But there is hardly any doubt that the 
relative ages of the galactic clusters are 
reasonably correct. 

These new estimates by Sandage and 
Hoyle, of the ages of the oldest stars, 
run up to five times greater than the 
5,000,000,000 years suggested not long 
ago for the entire galaxy. This longer 
time scale is consistent with some other 
kinds of astronomical data. For example, 
the age of the earth is fairly reliably 
known to be between four and five bil- 
lion years; it is not unreasonable that the 
galaxy may be several times older. Fur- 


Fig. 7. The open 
cluster Messier 11 in 
Scutum, from a pho- 
tograph taken with 
the Palomar 48-inch 
Schmidt telescope. 
The east-west extent 
in this picture is one 
degree, and south is 
upward. According 
to Sandage in 1957, 
the age of this swarm 
of stars is some 60 
million years. For 
observing informa- 
tion concerning M11, 
which is just visible 
to the unaided eye, 
see page 155. 
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thermore, W. A. Fowler and Hoyle’s re- 
cent calculations on the formation of 
chemical elements in the Milky Way sys- 
tem give an age of between 12 and 20 
billion years. 

Another argument can be based on the 
red shift of the galaxies. Present data in- 
dicate that the velocity of recession in- 
creases by 75 kilometers per second for 
each million parsecs of distance, though 
this value of the so-called Hubble con- 
stant is highly uncertain. On simplified 
assumptions, its reciprocal — 11 billion 
years — represents the lapse of time since 
the expansion started. But this age should 
not be taken too seriously, because the 
red shift of galaxy spectra is still not fully 
understood. 

On the other hand, the very long time 
scale of the oldest stars contradicts some 
other results. In a discussion of Sandage’s 
paper at the Vatican symposium, the 
Dutch astronomer J. H. Oort pointed out 
that only a few galactic clusters have hot- 
test stars of spectral class Al or later. Out 
of 70 clusters, 10 have stars between O 
and B2; the hottest stars of 51 are be- 
tween B3 and AO; and only nine clusters 
have no stars earlier than Al. Yet, if we 
assume that clusters were born at a uni- 
form rate during the last few billion years, 
there should be many more of them in 
the third group than in the first two com- 
bined, because cool stars evolve so very 
much more slowly than do hot ones. 

Oort raised the following question: 
Can any galactic cluster resist for longer 
than five billion years the disruptive ac- 
tion of tidal forces exerted by other stars, 
cosmic clouds of dust and gas, and the 
galaxy as a whole? Even assuming that 
a cluster is dissolved only by gravita- 
tional interaction among its member stars, 
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Chandrasekhar found that the Pleiades 
will have broken up after three billion 
years. He derived similar maximum azcs 
for other clusters. 

Furthermore, if, as some astronomers 
believe, the internal motions of cluster 
stars exceed their velocities of escape (as 
they do in some stellar associations), these 
stellar groups would disintegrate even 
more rapidly, perhaps in a few tens of 
millions of years. Oort expressed his be- 
lief in “halfway long” ages of the order 
of 500 million years for the oldest open 
clusters. 

Other evidence against extremely great 
stellar ages comes from S. S. Huang’s very 
recent study of the masses of stars within 
10 parsecs (32.6 light-years) of the sun. 
P. van de Kamp had listed these nearby 
stars which, with very few exceptions, are 
on the main sequence, being predomi- 
nantly red dwarfs. There is a striking 
lack of stars with masses less than 1/20 
of the sun’s in this sample, although cur- 
rent ideas about star formation suggest 
they should be very numerous. 

Why have so few such small stars been 
detected?) Huang proposes that it is be- 
cause they are not yet shining by thermo- 
nuclear reactions, but are still in the con- 
tracting stage of their evolution. Hence 
they would in most cases be too faint to 
be detected. 

This would suggest that the age of the 
Milky Way is roughly equal to the time 
interval required for a star of about 0.08 
solar mass, such as Ross 614B, to have 
contracted from a globule to a main- 
sequence M star. This time is about six 
to eight billion years. All stars of smaller 
mass would still be contracting, not hav- 
ing reached the main sequence. Huang 
also suggests that the emission-line M 
dwarfs (which become more numerous as 
we go from MO to M6), the T Tauri 
variables, flare stars, and Haro-Herbig ob- 
jects are all unevolved stars of this kind. 





SOUTHERN ASTROGRAPH 

Yale University has received a grant 
of $750,000 from the Ford Foundation to 
construct an astrographic telescope simi- 
lar to the 20-inch Carnegie astrograph 
of Lick Observatory. This precision long- 
focus refractor is to be located in the 
Southern Hemisphere, probably in South 
America, and will be operated jointly by 
the observatories of Yale and Columbia 
University. 

The main purpose of the new instru- 
ment will be to extend the survey of 
the sky that has been made at Lick, for 
the measurement of stellar proper mo- 
tions with reference to the practically 
fixed background of very distant galaxies. 
\bout one-third of the entire sky cannot 
be observed from Mt. Hamilton, Cali- 
fornia, but will be very favorably located 
for the new instrument. The Carnegie 
astrograph and its program were de- 
scribed in this magazine for August, 1954. 


NEWS NOTES 


MASS OF M31 

If its distance from us is known, the 
mass of a galaxy can be calculated from 
radial velocity measurements of the rota- 
tion of its central regions and spiral arms. 
The first work of this kind on M31, our 
neighbor spiral in Andromeda, was done 
two decades ago by H. W. Babcock. Since 
then, N. U. Mayall and several other as- 
tronomers have studied the rotation of 
M31 and determined its mass, some of the 
best observations having been obtained 
in recent years with radio telescopes in 
Holland. 

At Yerkes Observatory, John C. Brandt 
has reviewed all this work and applied 
to the analysis of galaxy rotation curves 
the theory for the special case of a highly 
flattened system. In his report in the 
March Astrophysical Journal, he finds 
remarkable agreement among his and 
five earlier determinations, all of them 
giving for M31 a value between 350 and 
400 billion solar masses, if the distance 
is taken as 600,000 parsecs (nearly two 
million light-years). 


RADIO SOURCE STUDIES 

Some of the strongest radio sources in 
the sky are Hercules A, Hydra A, and 
Centaurus A. Although the first two have 
been known for a decade, they have not 
positively been identified with visible 
objects, but their radio positions are 
near fairly prominent close pairs of gal- 
axies. Centaurus A is identified with the 
peculiar galaxy NGC 5128. 

All three sources have been recently 
studied at the radio observatory of Cali- 
fornia Institute of Technology, with one 
of the twin equatorially mounted 90-foot 
paraboloids in the Owens Valley. J. A. 
Roberts, J. G. Bolton, D. E. Harris, and 
B. G. Clark describe their work at a wave 
length of 31 centimeters in the February 
Publications of the Astronomical Society 
of the Pacific. 

Earlier observations with interferom- 
eters at Cambridge, England, had given 
good right ascensions for Hercules A and 
Hydra A, but not declinations. To im- 
prove the latter, the California astrono- 
mers first determined the error curve of 
their giant instrument’s declination circle, 
using as standards the intense radio sources 
Cassiopeia A (a_ peculiar nebulosity), 
Cygnus A (colliding galaxies), Taurus A 
(the Crab nebula), and M87 (a galaxy). 
The last of these four was further used to 
calibrate both right-ascension and decli- 
nation dials on each night of observing. 

Hercules A was observed on 14 separate 
dates, being placed at 16" 48™ 43°, +5° 
06’.2 (1950 co-ordinates). The new loca- 
tion rules out any connection with a pair 
of galaxies, but is only 1/10 minute of arc 
from a 19th-magnitude elliptical galaxy. 

From observations on four nights, the 
earlier position was confirmed for Hydra 


A, adding some weight to its association 
with a close pair of galaxies. 

Recent Australian observations of Cen- 
taurus A indicated that it spreads out for 
almost 10 degrees in declination. Bolton 
and Clark now find an extension toward 
the southeast from the southern part of 
this complex source, as well as a low- 
intensity trough between the central con- 
centration and the southern region. 

In the analysis of the Centaurus A ob- 
servations, the effects of a strong radio 
“point source” coincident with the optical 
center of NGC 5128 were removed. The 
resulting map of radio intensities sug- 
gests that both extended sources, north 
and south, may be double, each consisting 
of a sharply defined and a diffuse object. 


X-RAY SOLAR PHOTOGRAPH 

Using an Aerobee-Hi rocket that rose 
130 miles into the outer atmosphere, 
Naval Research Laboratory scientists have 
succeeded in taking the first X-ray photo- 
graph of the sun. A_ simple pinhole 
camera with an aluminum filter sufficed 
to make the picture, in a wave-length 
range of 20 to 60 angstroms. The rocket 
rotated slowly during its flight, smearing 
details of the photograph, but not obliter- 
ating its most interesting features. 

The significance of this achievement 
was explained by Herbert Friedman of 
NRL at a symposium of the National 
Academy of Sciences and the American 
Geophysical Union. The sun appears as 
a bright, spotty coronal ring. Since the 
average temperature of the tenuous corona 
is about a million degrees, its gas is com- 
pletely ionized, and the electrons move 
at very high speeds. When the electrons 
collide with heavy nuclei, X-rays are 
generated. The ring appears because the 
emitting region is thickest in the line of 
sight at the edge of the sun’s disk. Virtu- 





At the very short wave lengths of 

X-rays, the sun has the strange appear- 

ance shown in this rocket picture of 

April 19, 1960, taken at White Sands, 

New Mexico. Sharp dark and light 

markings are photographic defects. 
U. S. Navy photograph. 
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ally all X-ray emission is confined to a 
height about one-fifth of a solar radius 
above the disk. 

At the time of the rocket flight, there 
was a bright calcium plage near the cente1 
of the sun, and it seems to have caused 
the bright area of X-radiation within the 


coronal ring. 


STRATOSCOPE PHOTOGRAPHS 
STRUCTURE IN SUNSPOT UMBRA 

The first photographs showing white 
gaseous dots in the center of a sunspot’s 
umbra were obtained, by Stratoscope I, 
on September 24, 1959. Though bright 
specks in the dark umbra had been noted 
by visual observers long ago, little was 
known about them. 

The picture shown here was taken by 
a balloon-borne 12-inch telescope 80,000 
feet above the earth on the final flight 
in the Stratoscope I program (Sky AND 
Pevescorr, January, 1958, page 112, and 
December, 1959, page 79). This project 
is under the direction of Martin Schwarz- 
schild of Princeton University Observa- 
tory, and much time has been needed to 
analyze the vast quantity of data gathered 
by each flight. 

Sunspots are more than a thousand 
centigrade degrees cooler than the sun’s 
surface or photosphere; therefore, they 
appear dark against the bright solar disk. 
A special film was used to bring out the 
umbrae, 


characteristics of the sunspot 


while the penumbral filaments and photo- 


spheric granulations were overexposed 
and washed out. 

The umbral dots is 
roughly half an hour, about the same as 
the gaseous filaments in the penumbra. 
The dots seem to be rising gases hotter 
than the rest of the umbra. Robert E. 
a member of the Princeton 
research “While we do not 
yet know much about them, we know that 
they are very small — less than 200 miles 
in diameter. There is a possibility that 


lifetime of the 


Danielson, 


team, said, 


they are convection cells somewhat like 
solar granulations, but strongly suppressed 
by the field of the sunspot. 
Much detailed analysis remains to be 
make conclusions 


magnetic 
done before we can 
about their characteristics.” 

Now under development is Stratoscope 
II, a 36-inch balloon-borne telescope sys- 
tem. It will be used primarily for obser- 
vations of planets, stars, and galaxies. 
The work is being supported by the Na- 
tional Science Foundation, Office of Naval 
Research, and National Aeronautics and 
Space Administration. 

EARTH'S HYDROGEN CORONA 

When the stratosphere was discovered 
many decades ago, indicating some strati- 
fication of the earth’s atmosphere, it was 
suggested that the outermost atmospheric 
regions might consist mainly of hydrogen, 
the lightest element. But in 1950, when 


A. B. Meinel identified the radiation of 
the OH molecule in the atmosphere, the 





Small white dots in the center of a sunspot are shown clearly in this Stratoscope 
high-altitude picture. The dark umbra’s long dimension is roughly equal to 
the diameter of the earth. National Science Foundation photograph. 
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IN THE CURRENT JOURNALS 


NUCLEAR PROPERTIES OF ANTI- 
NUCLEONS, by Emilio Segré, Science, 
July 1, 1960. Recent important 
discoveries about beta decay and the 
neutrino now give a method for look- 
ing for antimatter which, while still 
impossible in practice, is sound in 
principle. . . . If we observe a star and 
from its astronomical characteristics 
can decide that most of its energy 
comes from a known cycle, as for ex- 
ample the carbon cycle, which is dom- 
inated by beta decays, we can see 
whether the antineutrinos coming from 
it are or are not of the same kind as 
the antineutrinos coming from a pile 
or from our sun by performing an in- 
verse beta-decay experiment. If it 
should turn out that they are neutrinos 
— different from those coming from the 
sun — then the star is of antimatter.” 


‘HE COMING CONJUNCTION OF 
JUPITER AND SATURN, by C. H. 
Cleminshaw, Griffith Observer, July, 
1960. “The giant planets, Jupiter and 
Saturn, are prominent in the sky al- 
most all night now and they appear 
quite near each other. Jupiter rises 
about one hour before Saturn, which 
is now coming up as the sun goes down. 
As the months pass, Jupiter will catch 
up with Saturn, finally passing only 
one-fifth of a degree south of it on 
February 18, 1961.” 


— 





first indication was given that an atomic, 
rather than a molecular, hydrogen corona 
surrounded the earth. 

R. Bates and M. Nicolet then pointed 
out that atomic hydrogen would be re- 
leased at the rate of 10° atoms per second 
per square centimeter as sunlight dis- 
sociated water vapor and methane at an 
altitude of 80 kilometers. Diffusing up- 
ward, the hydrogen would become the 
atmosphere’s principal constituent above 
1,000 or 2,000 kilometers, it was suggested 
by S. Chapman in 1957. 

Now, at Lockheed Aircraft Corp.’s mis- 
siles and space division, F. S. Johnson and 
R. A. Fish have deduced the properties of 
this hydrogen corona from nighttime 
Lyman-alpha observations and from the 
orbital decay of Vanguard satellite 195882. 
They believe that it is the hydrogen 
corona which produces the Lyman-alpha 
radiation observed during Naval Research 
Laboratory rocket ascents, rather than 
hydrogen atoms in interplanetary space 
(Sky AND ‘TELEscopE, July, 1958, page 
445). 

Reporting their results in the March 
Astrophysical Journal, the Lockheed phys- 
icists give a hydrogen concentration of 
40,000 atoms per cubic centimeter at an 
altitude of 550 kilometers. This density 
drops to 1,000 atoms per cubic centimeter 
at 7,000 kilometers, and only 10 atoms at 
36,000 kilometers. 
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GETTING ACQUAINTED WITH 


THE PLANETS — EARTH 


HILE surveying the planets in this 
series of articles, we pause briefly at 
the earth, to consider a few of its astro- 
nomical aspects, although it is the subject 


of study by many branches of science 
besides astronomy. 
Third in order of distance from the 


sun, the earth is a slightly flattened globe 
about 7,920 miles in diameter, moving in 
a somewhat elliptical orbit about the sun 
once in 365.2564 days, at an average dis- 
tance of 93 million miles. It is similar in 
many respects to Venus and Mars, closely 
matching the former in size and having a 
day minutes shorter than the 
latter’s. 

In several ways, however, the earth is 


only 41 


unique among the members of the sola1 
system. It is a double planet, having a 
satellite fully a quarter of its own diame- 
ter, and it is the only astronomical body 
The 
earth is further remarkable in having a 
surface layer rich in living organisms. 
The ancients knew many simple ob- 
servations and experiments that demon- 
strated important astronomical facts about 
the earth — observations still worth carry- 


known to be mainly water-covered. 


ing out today by those getting acquainted 
with astronomy. 

For example, that the earth is approxti- 
mately a sphere will be graphically shown 
by the eclipse of the moon this September 
5th. During the partial stages, the edge 
of the moon’s shadow can be seen to be 
a portion of a circle, and the observer's 
recollection of past eclipses and his in- 
spection of pictures of them will con- 
vince him that this is a general rule. The 
only geometrical figure whose shadow can 
always be a circle is a sphere. 
be checked 
with fair accuracy by a modern version 
of Eratosthenes’ method, using an auto- 
mobile. Drive 100 miles or more along 
a north-south road, and note the distance 
given by the mileage indicator. Deter- 
mine the latitudes of the two ends of the 
trip, for example by observing noon alti- 
tudes of the sun with a bubble sextant, or 
by measuring the elevation of the pole 
star at night. Then the circumference of 
the earth is in the same proportion to 
the distance traveled as 360 degrees is 
to the latitude Ralph W. 
Crowder, Neodesha, reports an 
excellent result from this experiment. 


[The size of the earth can 


difference. 
Kansas, 
The westward march of the constella- 
tions across the sky each night is a strik- 
ing indication of the rotation. 
Many an amateur has recorded the trails 
of circumpolar stars by a long exposure 


earth’s 


(like the one on page 146) with a stationary 
camera pointed toward the celestial pole. 
Chis pointing does not have to be done 
accurately, as the circular star trails them- 
selves define the actual pole position. 


Strictly speaking, such a picture does 
not prove it is the earth rather than the 
sky that turns. This proof is furnished by 
the comparatively modern Foucault pen- 
dulum experiment (described on page 
144 of the January, 1960, issue). Another 
test is provided by the eastward deviation 
of a falling body, such as a lead pellet 
dropped down an elevator shaft. Because 
the earth is rotating, the top of the shaft 
is traveling eastward with a greater veloc- 
ity than the bottom. Simple in principle, 
this experiment requires much care be- 
cause of the smallness of the deviation — 
only 0.17 inch for a drop of 100 feet at 
latitude 40° north. 

The shape of the earth’s elliptical orbit 
around the sun can be determined easily 
with the aid of a small telescope and a 
stop watch. The sun should be viewed 
by projecting its image through an eye- 
piece onto a white screen, or a Herschel 
wedge used in conjunction with suitably 
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dense filters to protect the observer's eye. 
Record the time required for the sun to 
drift past a crosswire in the field of view 
of the stationary telescope. The solar 
diameter, measured in this fashion, will 
be a maximum about January 4th of 
each year, when the earth is nearest the 
sun. The minimum size will be observed 
six months later, at the beginning of July, 
when the earth is at aphelion, about three 
million miles farther from the sun. 

Let the measured drift times on these 
dates be T and ¢, respectively. Then 
the eccentricity of the earth’s orbit is 
given very nearly by 

e=(T — t)/(T + »¥). 
It is not difficult to obtain a good ap- 
proximation to the actual eccentricity 
(0.0167) in this way. 

When an observatory is eventually es- 
tablished on the moon, one of its more 
important tasks may be to measure the 
earth’s apparent magnitude and how its 
brightness changes. This problem is, 
however, not completely beyond the reach 





The gibbous earth, as it might be seen from the moon, is depicted in this oil 
painting by Howard Russell Butler, which is an exhibit of the American 
Museum-Hayden Planetarium in New York City. 
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The south celestial pole is at the center of these trails of south circumpolar 
stars, a 15-hour exposure by A. J. Symonds, Dunedin, New Zealand. 


of the amateur who has stayed at home. 
When the moon appears a narrow cres- 
cent, its dark part is faintly illuminated 
by sunlight that has been reflected from 
the earth to the moon and thence back to 
the observer. Any drastic change in the 
earth’s reflecting power should, therefore, 
cause a corresponding change in the in- 
tensity of lunar earthshine. 

Many years ago, ]. Plassmann in Ger- 
many proposed that systematic records be 
kept of the visibility of earthshine, this 
to be estimated on a numerical scale rang- 
ing from 0 for invisible to 10 for abnor- 
mally conspicuous. Amateurs who make 
regular evaluations of this sort will be 
rewarded by familiarity with a beautiful 
spectacle only casually known by most 
watchers of the sky. 

The terrestrial atmosphere has several 
properties worth study by the home ob- 
server. One of these is the refraction of 
light. Rays entering the atmosphere are 
bent toward the earth, the amount of this 
refraction being greater the nearer an 
object is to the horizon. Reaching the 
eye, the refracted light thus makes the 
object seem higher in the sky than it 
actually is. At sunrise and sunset the sun 
appears flattened. Although all the light 
rays are refracted, those from the sun’s 
lower edge are bent by a greater amount, 
raising the lower part more than the 
upper and causing the solar disk to 
appear elliptical. 

Another effect worth exploring is the 
dimming of starlight as it passes through 
the air. This extinction amounts to one- 
fourth of a magnitude for a star at the 
zenith, and increases in amount, slowly 
at first and then more rapidly, toward the 
horizon, where the path of light through 
the air is many times longer. 

If z is the angular distance of a star 


from the zenith, the extinction of its 
light, in magnitudes, amounts to approxi- 
mately 0.25 secant z, so that at a zenith 


distance of 60 degrees the dimming is 
0.50 magnitude, and at 75 degrees about 
0.97. In other words, a star 15 degrees 
above the horizon appears only about half 
as bright as it would if placed overhead. 

One way to judge the amount of ex- 
tinction is to compare two stars of known 
brightness, one star near the horizon be- 
ing viewed directly, while another nearly 
overhead is seen in a small mirror held 
at arm’s length. The altitudes of the stars 
can be roughly measured with a protrac- 
tor and plumb line. It may be convenient 
to attach this device to the tube of a small 
altazimuth telescope; after the star is 
placed in the field of view, the protractor 
is read. 

The earth’s atmosphere gives rise to a 
host of other striking optical phenomena 
easily studied by the amateur with un- 
aided eye or simple equipment. For in- 
stance, the limits of visibility of stars and 
planets by twilight and by day form a 
subject worth attention. Halos, twilight 
phenomena, and the scintillation of stars 
are other examples. All these topics, and 
many others, are described in one of the 
most fascinating books written for the 
amateur scientist, M. Minnaert’s Light 
and Colour in the Open Air (Dover 
Publications, 1954). 





LETTERS 
Sir: 

Although we have no amateur society 
in our city, on June 2nd several of us 
who own telescopes sponsored the first 
public star party ever held in Fargo, 
North Dakota. The event was publicized 
through the undersigned’s daily weather 
program on the local television station. 
The turnout was very gratifying, more 
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than 300 persons attending. ‘The picture 
below shows a small part of our setup. 
We had about 17 telescopes, includ- 
ing two 6-inch and two 8-inch reflectors 
and a pair of 3-inch refractors. Mimeo- 
graphed sheets, describing the celestial 
objects being observed through the instru- 
ments, were distributed to the viewers. 
DEWEY BERGQUIST 
Station WDAY-TV 
Fargo, N. D. 

















The Tinsley 12-inch: 


rugged, precise, compact 


Here is a new instrument of traditional Tinsley quality at a cost far 
below that of a custom telescope. Ideal for astronomy clubs, schools 
and advanced amateurs. Specifications: 12-inch aperture. Casse grain 
optical system. Primary mirror focal length 48’’. Secondary amplification 
4; total effective focal length 192’’. Eyepiece image lies 16’’ behind 
reflecting surface of primary mirror. Overall tube length 43’’, plus 
focusing assembly. Tube is easily removable from mounting. e Eyepiece 
focusing assembly: rack-and-pinion type, extremely rugged and adaptable 
for cameras and accessories. e Mounting: has positive clamps for decli- 
nation and right ascension. Motor driven in right ascension to a precise 
sidereal rate. Additional motor control for fast rate is 5 times the sidereal 
rate. Manual declination with anti-backlash. Setting circles are large and 
precision engraved. e Provides for precise orientation of polar axis. 
e Optical surfaces: accurate to ¥% wave length or better. Reflecting 
surfaces aluminized and have a protective overcoating. Refracting sur- 
faces have low-reflection coating. e Equipped with a finder of 10 power. 
e Mounted on a steel pedestal. e For an illustrated folder, write to 
Tinsley Laboratories, Inc., Dept. S, 2526 Grove Street, Berkeley 4, 
California. [ Tinsley’s new 16mm full-color, sound film ‘‘Eyes to 
the Sky’’—the story of precision telescopes—is now available for loan 


showings. Please address requests to the Audio-Visual Department. 
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LABORATORIES, INC. 
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You'll find these fully professional features in every Custom DYNASCOPE®! 


Exquisite optical systems, fully achromatic and corrected to meet the 
most critical research standards ¢ Massive equatorial mounts that provide 
exceptional stability and embody the latest mechanical refinements for 
ease of operation. ¢ Full sets of matched orthoscopic and achromatic 
eyepieces with wide flat fields sharp to extreme edges. ¢ Needle bearings 
carefully fitted on substantial shafts to assure movements so fine that 
they equal the ease and precision of a fine watch. ¢ Lifetime materials 
throughout, for atmospheric resistance and dimensional stability. ¢ Fully 
rotating tubes, with counterpoise to provide perfect balance during rota- 


MASTERPIECES 
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All sizes of these superb 
instruments are available for 
unusually prompt delivery 

. . including this Deluxe 
10-inch model 


Every Custom DYNASCOPE is designed and built to meet such 
high standards and exacting specifications that it is the overwhelm- 
ing choice of schools, colleges, universities, and many well-known 
professional astronomers. Each of these magnificent instruments 
incorporates features that are years ahead in optical engineering, 
yet based on time-tested principles. Each is painstakingly produced 
and assembled by craftsmen who put careful workmanship before 





tion. © Rotary secondary supports to minimize diffraction. ¢ Exclusive 
Dyna-mesh rack and pinion focus for smoother, more accurate focusing 
action. «© Two-way pier tripods (Pat. Pending) in 6-inch and 8-inch 
models. 45-pound pier can be mounted permanently. Portable tripod is 
instantly removable for field trips. e Highly accurate electric drives, 
free from backlash, with fully compensating clutch. « 8x50 coated 
achromatic finderscopes with crosshairs and extra-large 6° fields. * 7”- 
diameter setting circles spoked for easy setting. Graduated with verniers. 
e Super sensitive slow motion flex line control « Adjustable to all latitudes. 








YNASCOPES 


in your 
choice of 
6-8-I0 
12.5 -I6 
models 


speed. Each is required to pass, flawlessly, a long series of rigid 
performance and operational tests. Nothing is overlooked to make 
sure that these superb telescopes are the finest in their class, regard- 
less of price. Whichever size you select, we guarantee that it must 
measure up to this standard or your purchase price will be refunded 
in full. You can order with absolute confidence...and with the 
exciting expectation of new thrills and experiences ahead. 


CUSTOM DYNASCOPES—PRICE AND DELIVERY SCHEDULE 

















Colorful 

New Brochure CONVENIENT TIME PAYMENT PLANS AVAILABLE ON ALL MODELS 

Voure PRES! SIX-INCH EIGHT-INCH 10-INCH 12.5-INCH p... 

Send today for STANDARD DELUXE STANDARD DELUXE DELUXE DELUXE MODEL 

this fascinating 

new booklet that $265 $475 $385 $595 $895 $1,265 $4,200 up 

uae vy ff Complete Complete Complete Complete Complete Complete 

gives you the full Shien! Shippl Shine! Shippi Shipvi Shippi Sesiteaai 
—nadRestings P . wee ipping ipping Shipping ipping ipping ipping quippe 
specmennons on sn Custom Dyna Weight Weight Weight Weight Weight Weight To Your 
scopes, plus helpful information to 80 Ibs. 150 Ibs. 145 Ibs. 185 Ibs. 245 Ibs 300 Ibs. Specifications 
guide you in the selection of your 21 Day Delivery 21 Day Delivery 30 Day Delivery 30 Day Delivery 




















next telescope. A postcard will 
bring your copy FREE! 


CRITERION MANUFACTURING CO. 
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DEPT. 


D-41, 


Manufacturers of Quality Optical Instruments 


331 CHURCH ST., HARTFORD I, CONN. 


Standard Six and Eight Inch Models Do Not Include Electric Clock Drive, Setting Circles, Slow Motion Control Or Pier 
All Telescopes Are Shipped F.0.B. Hartford, Connecticut * No Additional Charge For Packing and Crating 


® TM Registered U.S, Pat. Office 
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Universal time (UT) is used unless otherwise noted. 


More Aspout CoMET 1959k 


URING late April and the first days 

of May, sky watchers enjoyed the 
spectacle of a naked-eye comet that moved 
rapidly across the northern sky, passing 
through Cygnus, Ursa Minor, and Ursa 
Major. ‘This was Comet 1959k, discovered 
last December 30th by Robert Burnham, 
Jr.. at Lowell Observatory. The early 
history of this object was reported in 
SkY AND TELESCOPE for March, page 292, 
and June, page 479. 

Intrinsically a small comet, 1959k be- 
came slightly brighter than magnitude 5 
because it passed close to the earth, the 
least distance being 19 million miles on 
\pril 29th. This proximity was brief, as 
the comet receded to 23 million miles 
by May Ist, 54 million on the 12th, and 
100 million on May 26th. Meanwhile, 
the comet was moving away from the sun, 
being 136 million miles from it on the 
last-mentioned date, compared to its peri- 
helion distance of 47 million miles on 
March 20th. 

While it was in the earth’s vicinity, 
many amateurs took the opportunity to 
make visual and photographic observa- 
tions of this bright and favorably located 
object. Reports, most of them accom- 
panied by photographs or charts, have 
been received from the following readers, 
in addition to those mentioned in pre- 
vious articles: W. C. Atkinson, New 
York, New York; R. Ankersmit and J. 
Kamperman, Utrecht, Netherlands; k. 
grand], Munich, Germany; A. J. Doig, 
Dunedin, New Zealand; M. O. Guidry, 
Jr., Metairie, Louisiana; J. G. Kirk, Am- 
herst, Massachusetts; Rev. J. Knowles, 
Jamaica, New York; N. Liepins, Sand 
wich, Ilinois; E. G. H. Mobsby, Shilling- 
stone, England; J. Wesley, Grand Rapids, 
Michigan; H. Willis, Lone Oak, Texas; 
and J. Wiseman, Portland, Oregon. 

One peculiarity of Comet Burnham 
that impressed many observers was the 
faintness of the tail, much less conspicu- 
ous than for typical comets of similar 
brightness. It was best revealed by pho- 
tography, the greatest recorded length 


On April 9th, at the 
Beverly Begg Observa- 
tory in New Zealand, 
Arthur J. Doig took this 
30-minute picture of 
Comet 1959k. He em- 
ployed an f/6.3 Dall- 
meyer camera of 36-inch 
focal length, Ilford Ze- 
nith emulsion, begin- 
ning the exposure at 
17:10 UT. At the upper 
left are Theta and Rho 
Aquarii, and south is at 
top. The scale is about 
two degrees per inch. 





This 45-minute exposure of Comet 

Burnham is by John G. Kirk, at 2:26 

UT, May 3, 1960, with the 4-inch {/7 
Ross camera of Amherst College. 


being 113 degrees, on long exposures by 
R. Waterfield, Ascot, England. But this 
narrow, straight appendage was so faint 
that Mr. Mobsby recorded it as quite in- 
visible in his 8-inch reflector on April 
28th, and on the following night Mr. 
\nkersmit was unable to see it in a tele- 
scope of the same aperture. 

Increasing distance from the earth and 
sun caused a rapid fading of 1959k dur- 
ing May. ‘This is well shown by the many 
visual estimates of magnitude, from out- 
of-focus comparisons with stars in_ bin- 
oculars or small telescopes. Elizabeth 
Roemer, at the U. S. Naval Observatory’s 
\rizona station, found magnitude 4.6 to 
1.7 on April 29th. She reported 5.4 for 
May Ist and 6.6 for May 6th. Some later 
observations by A. Wroblewski in Poland 
are: May. 9, 8:5; 12, 9:2; Ib, 10.0; and 
fainter than 12 on May 2\Ist. 

A careful distinction should be made 
between comet magnitudes determined 
visually with small instruments, and pho- 














USED TELESCOPES ON HAND 


1 5” refractor, equatorially mounted. H & W 
Mark III drive; setting circles; large Unihex 
with Super-Unihex eyepiece, two Branc 
















and two J Fecker oculars; erecting pri 
camera adapters; many other small 
1 l ron 3” altazimuth refractor. Unihex and 
several accessories; original boxes $175.00 
1 Skyscope. Two oculars; tripod $32.50 
1 2.4” Goto Hy-Score refractor $99.00 
1 6” £/6.3 apochr6mat, mounted ir v} 
duty threaded cell. ris d 
bered stops from £/6.3 
condition. A rare and 
1 Bausch & Lomb 31%” fork-type altazimuth 
refractor. Wooden tripod, four eyepieces 
sun and moon filters, star diagonal, case 
$250.00 
1 NEW! 6” telescope, constructed in our shop 
Cleveland Astronomics equatorial mou 
setting circles, tripod, 6” Criterion mirror 
me Brandon eyepiece, finder $225.00 


Just Arrived from Scotland — 
Charles Frank 6” f/8 mirrors, complete with 
matching prisms. $60.00 
The reputation of Charles Frank is world-wide 
We import directly. Satisfaction guaranteed or 
money refunded 
ALL USED EQUIPMENT SUBJECT TO PRIOR SALE. 
Before you buy or trade a telescope or radio 
amateur gear, see WARD 
W2FEU for the best deal. 


Established 1936 
ADIRONDACK 
RADIO SUPPLY 


P. O. Box 88, 
Amsterdam, N. Y. 





Ward J]. Hinkle, W2FEL Owner 











BRANDON OCULARS 
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These orthoscopic oculars are the 
choice of the amateur as well as the pro- 
fessional astronomer. Seven sizes avail- 
able: 4-mm., 6-mm., 8-mm., 12-mm., 
16-mm., 24-mm., and 32-mm. focal 
lengths. Standard 114” outside diameter. 

$15.95 each 

Brandon Oculars may be purchased at — 

Cave Optical Co., 4137 E. Anaheim 

St., Long Beach 4, Calif. 

Cleveland Astron 

Cleveland 2, Ohi 

American Lens and Photo Co., 5700 

Northwest Highway, Chicago 30, Ill. 

Optron Laboratory, Box 25, D.V. Sta 
tion, Dayton 6, Ohio 
Adler Planetarium, 900 E. Achsah Bond 

Dr., Chicago 5, Ill. 

Polaris Telescopic Shop, 14319 Michi- 
gan Ave., Dearborn, Mich. 

Chuck’s Telescopic-Optical Shop, 88 

Sherbourne Dr., Inkster, Mich. 





mics, 7618 Lawn Ave., 


r order direct. We will ship airmail. 


LIBRASCOPE P. R. 


Guaynabo Puerto Rico 
Formerly BRANDON INSTRUMENTS 
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OBSERVER WANTED 
for Harvard Radio Telescopes 


An additional full-tur observer needed to 
' t in the operatio of tl rid telescope i 

Stat f Harvard Colleze Ob 
These truments are equipped with 
sensitive radiometer for astronomical studies at 


$e 
N 


Applicant hould « betwee 1 and 0 year 
Pl 
ri f workers, and 


willing to work ait chedule at Harvard 


Massachusett Background experience in clec 
tronics and mathemati is required A thor 
ough tramin period will ide« 

If uoare qualified and interested end thy 


details of your education and experience to 


HARVARD COLLEGE OBSERVATORY 
Attn: Dr. A. E. Lilley 


60 Garden Street 
Cambridge 38, Massachusetts 














tographic magnitudes obtained with large 
telescopes. In the former case the total 
light of the coma is included. On the 
other hand, photographs taken for the 
purpose of measuring precise positions 
are given only cnough exposure to bring 
out the nuclear region of the comet. 
Phus on April 29th, when the visual 
magnitude of the head was about 5, Dr. 
Roemer’s photograph with the Naval Ob- 
servatory’s 40-inch 
for the magnitude of the nucleus. Her 


reflector gave 12.5 
plate of May 25th showed a sharp nuclear 
condensation of about magnitude 17.5, in- 
side a coma 0.7 minute of arc in diameter, 
as well as a faint tail 12 minutes or more 
long. 


sy June, Comet 


surnham had become 





The {atest 


? 
Spi tz movet a2 
PLANETARIUM 


has been installed at 


Central Florida 
Museum 
Orlando, Florida 


* 
Spitz Laboratories 


Inc. 


YORKLYN, DELAWARE 
Phone: CEdar 9-5212 
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A time service for your telescope 
HAINES ELECTRIC SIDEREAL CLOCK 





SPECIAL: Your Local Sidereal Time will be computed at your request free of charge 
for any time and place. Also free instructions for locating Venus in the daytime. 


FOR THE STUDY OF CELESTIAL CO-ORDINATES and QUICK location and identification of celestial bodies, 
equip your telescope mounting with large co-ordinate circles. YOU SUPPLY THE CIRCLES, from 10 to 21 
inches in diameter (preferably of aluminum). We graduate tiem by AUTOMATIC MACHINE, accurate to 
within 2 or 3 seconds of arc, marking single minutes of right ascension and sidereal time and 15 minutes 
of arc in declination. Our 16-inch circles with verniers will give single minutes of arc for the declination 
and 4 seconds for sidereal time and right ascension. Write for prices and instructions on how to proceed. 
The 21-inch circles are readily adaptable to radio telescopes. Circles supplied if required. 


SCIENTIFIC INSTRUMENTS 


166 Morse Place, Englewood, N.J. Phone: LO 8-1639 


The minute circle is 4 inches in diame- 
ter. The case is machined cast aluminum, 
polished and buffed; and the bronze bezel 
is polished and lacquered. Hour and 
minute hands are set with the knob at 
the bottom of the case. Computed ac- 
curacy is within 3.75 seconds a year slow 
(assuming the frequency constant). Please 
specify your current: 60-cycle, 110-volt; 
50-cycle, 110-volt; or 60-cycle, 220-volt. 


$62.00 


Two other sidereal clocks available: 
A. 8-inch-diameter dial (dimly illuminated 
from behind), which may be bolted to your 
telescope pier. B. 14-inch-diameter minute 
circle mounted in a 17-inch wooden case. 


USED AS A CHRONOGRAPH 


Record your observations of celestial 
phenomena with the Sidereal or Solar 
Clock and your tape recorder. Signals of 
every second, every minute, and every 
hour can be provided as desired, by means 
of additional devices built in the clock. 
Write for estimates. 
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The faint, fuzzy spot below center is 
the comet on June 17th, taken by 
Elizabeth Roemer with the 40-inch re- 
flector at the U.S. Naval Observaiory’s 
station in Flagstaff, Arizona. The print 
scale is 6.2 seconds of arc per milli- 
meter, the negative showing a narrow 
comet tail 20 minutes of arc in length. 


extremely faint. Dr. Roemer’s 60-minute 
exposure, reproduced here, shows little 
more than a nearly starlike condensation 
of the 18th magnitude. On July 13th, 
only the barest trace of the comet, too 
slight to be measured, was recorded on 
her one-hour 40-inch-reflector plate. 
During the coming fall and winter, 
after 1959k has passed conjunction with 
the sun, it may possibly be photographed 
with very large telescopes for the last 
time as a 20th-magnitude object in Coma. 


SUNSPOT NUMBERS 

The following American sunspot num- 
bers for June have been derived by Dr. 
Sarah J. Hill, Whitin Observatory, Welles- 
ley College, from AAVSO Solar Division 
observations. 

june 1, 91; 2,80; 3, 101; 4,72; 5,95; 
G; 106; 7;. 113; :8, 110379}. 126; 10; 129: 11, 
1293-92, 112;- 93, 22514, 120; 45, 171; 36. 
119; 17, 98; 18, 94; 19, 78; 20, 51; 21, 48: 
22, 42: (25,62; 24,. 74: 28, 82: 26, 92; 27, 
95; 28, 119; 29, 128; 30, 128. Mean for 
June, 99.2. 

Below are provisional mean_ relative 
sunspot numbers for July by Dr. M. 
Waldmeier, director of Zurich Observ- 
atory, from observations there and at its 
stations at Locarno and Arosa. 

July 1, 167; 2, 154; 3, 161; 4, 203; 5, 
168; 6, 139; 7, 119; 8, 124; 9, 120; 10, 97; 
11, 93; 12, 74; 13, 83; 14, 93; 15, 105; 16, 
138; 17, 131: 18, 122; 39; 143: 20, 137; 21; 
139; 22, 135; 23, 127;: 24,105; 25, 111: 26, 
92; 27, 90; 28, 73; 29, 94; 30, 82; 31, 83. 
Mean for July, 119.4. 
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Here are two Questar photographs of 
Jupiter, made on different nights last July by 
Mr. and Mrs. Ralph Davis, who have taken 
so many fine pictures with their Questar. 
Mrs. Davis sent along the negative from 
which the lower one was enlarged, and the 
image measured .041 inch wide, exactly 
half the diameter of the head of a common 
pin. This print is a 29x enlargement 

The film used is the new and faster Micro- 
file, which is now called Kodak High Con- 
trast Copy Film (35 mm.). ‘This film has a 
high-contrast, special panchromatic emul- 
sion, with extremely low graininess and 
extremely high resolving power. It is 
especially designed for making greatly re- 
duced copies of books, newspapers, manu- 
scripts, line drawings, letters, etc. It should 
be used whenever the copy negatives repre- 
sent more than a tenfold reduction in size,” 
says the factory enclosure sheet. Its tungsten 
speed is 64, four times faster than it used 
to be. 

The Davises use fine-grain films to get all 
resolution possible. Incidentally, these Jupi- 
ter shots were two-second exposures at f£/56, 
so the litthe Questar was performing with 
an actual focal length of 16 feet, obtained 
by eyepiece projection with our basic 
coupling set, which focuses the enlarged 
image on a film placed a few inches behind 
the eye lens. By varying the distance, the 
image size can be changed, which changes 
exposure requirements. Experiment alone 
will determine the best exposure time-size 
ratio to use for various objects. 

When visiting the Davises in the spring 
of ’59, we were astonished to see how much 
more detail one can see on a negative than 
can be printed from it. In discussion, either 
Dot or Bud Davis is apt to whip a Questar 
40x eyepiece to the eye, holding it back- 
ward and looking through the field lens, to 
examine a negative held closely to the eye 
lens of the ocular against the light. (Both 
say that it becomes just the right magnifier 
for this work, and so it does when you 
try it.) 

Now we begin to understand why the pro- 
fessional becomes a negative searcher. He 
simply knows there is more to be seen on 
emulsions than any print can show. The 
Davises were showing us negatives of sun- 
spot groups. 

They had been exposing and printing for 
the tiny solar granulations they have so 
beautifully resolved from their own yard 
at sea level with the miniscule Questar. 
Nearly every large sunspot of a group like 
this shows a network of bridges, streamers, 
and traceries crossing it. There they are on 
the negatives — but try to print them on 
paper! They fade out in development as 
heavier parts of the image seem to over- 
power them. Well, the Davises say they in- 
tend to keep trying. 

Of late we have had some inquiries ask- 
ing what the faintest star magnitude is for 
Questar. The answer is that Questar will 
show stars as faint as can be expected of all 
telescopes of 3.5-inch aperture. But we hesi- 
tate to put a number on it. We keep meet- 
ing those who live in cities like Philadelphia 
who say they never see the Milky Way be- 
cause the sky is luminous at night from the 
overcast of smog. So we tell them to ex- 
pect Questar to show the standard limiting 
magnitude for this aperture, but please to 
remember that only in fine climates with 
transparent skies can Questar do its best in 
this respect. And we remind them that while 
smog may spoil faint objects it sometimes 
acts to stabilize the seeing for planetary 
detail and the separation of close doubles. 











a 


Finest seeing we have ever had was on a 
night near Pittsburgh before the region con- 
trolled its industrial fumes, when the air was 
so thick with smoke the moon was reduced 
to a yellow color when high in the sky. 

Recently we mailed to all Questar owners 
of record a little leaflet on taking pictures 
through high-power telescopes like Questar. 
We tried to set down on paper what we had 
learned about this business of using the 
tremendously popular 35-mm. cameras to 
take pictures employing the versatile Que- 
star as a series of lenses with focal lengths 
of from four to over 50 feet. We speak of 
some rules for this kind of photography, in 
order to give the newcomer to this fascinat- 
ing field a clear concept of what must be 
done, rather than the exposure tables most 
novices request. We balk at these because 
there are too many variables, and anything 
we put on paper for our climate might prove 
vastly untrue in theirs. If you would like 
a copy, just drop us a postcard and we will 
gladly send you one. 

No sooner were our 2,000 little leaflets 
printed than we noticed with dismay that we 
had forgotten to say one single word about 


the cameras we carry here to sell along with 
Questars. As we write, it is mid-July, and 
we have just purchased from the world’s 
largest photographic house 50 more Penta- 
con cameras they located for us with f/2.8 
lenses. We are mighty pleased to have these, 
because they are the very cameras sold be- 
neath the pasted-on nameplate “Hexacon.” 
No use trying to understand today’s mad and 
senseless camera market — we shall try to 
acquire, whenever we are able, some proven 
cameras at loss-leader prices to be sure you 
will be protected from the worst of the price 
cutting. In the case of the new Pentacons, 
this is the original Zeiss Contax D or S 
model, that first sold at some $400. It has 
the many speeds and the self-timer that can 
release the mirror soon enough to avoid 
fully its recoil effect during exposure. This 
lot is spick and span, and some have Carl 
Zeiss lenses with the name carefully ground 
off for reasons still beyond our ken. We 
shall sell them with 10-inch cable release 
and our standard set of basic couplings for 
only $134.50 as long as they last. We are 
reasonably sure that after purchasing one 
you will not find them anywhere on sale at 
a lesser price. 

We almost took on another inexpensive 
line only to discover that in the few weeks 
during which we were trying out the cam- 
eras their prices kept going down until they 
were selling at retail in one store for slightly 
less than dealer’s net wholesale price! 

So we have become duly franchised dealers 
for the Nikon line of photographic equip- 
ment, because it seems to be, in our con- 
sidered opinion, the best obtainable. Their 
great single-lens reflex model F is, by test, 
they tell us, the camera whose focal plane 
shutter has least recoil because it is made 
of light titanium metal foil and is mounted 
in ball bearings. This shutter can be oper- 
ated entirely alone with locked-up mirror 
when desired, and sure enough, we find it 
has the least recoil of any so far tested. 

Every Nikon product is so beautifully made 
that you sense its quality at first glance. 
These are awfully nice people to do business 
with. They, too, worry about protecting your 
investment. To make sure their product is 
not artificially devalued by the discouraging 
price cutting which afflicts the camera mar- 
ket, their sales manager, Mr. J. Abbott, 
canceled the franchises of 28 price-cutting 
dealers in the month of May. 

We think that protecting the customer's 
interest is very important in the building of 
a business. And we always liked the answer 
Nikon's president gave to the “Times” re- 
porter who asked the secret of his company’s 
superlative quality: “It is really very simple. 
You just throw away every piece of glass 
that is not exactly according to  specifica- 
tions.” 

The Nikon F camera body alone sells for 
$220. With f/2 lens the price is $329.50, 
with f/1.4 lens $375. A set containing filters, 
filter holder and astro groundglass, is availa- 
ble at $60 to fit our standard set of basic 
couplings. 

The superfine Questar still costs only $995 
in a beautiful British fitted leather case, 
delivered postpaid, fully insured. Terms 
available. May we send our 32-page booklet? 


Lawrence Braymer, President 


Questar 
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OPTICAL FLATS 
Pitch Polished, Beral Coated 
Rectangular shape 
154,” x 1%” 
NAVE $1 eu 


Postpaid 





Elliptical shape 





Heavy edge 
temperature effect 
11,” minor axi 
wave $4.00 eacl 
wave $ 0 eacl 
ctr { 
Postpat 
BERAL COATINGS san yp tic il character 
isticS as mechanically more 


iluminum 
lurable not over-coated may be removgd 


harming glass surface Prices for 





without 
Beral coating telescope mirrors * diameter 
$3.50. 6”--8$5.00. 8”—$6.50. 10”-——$8.50, and 
12),”--$12.50 each, f.o.b. Skokie. 

LEROY M. E. CLAUSING 
8038 Monticello Ave Skokie, Ill. 
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THE ASTRONOMER KIT 


A complete telescope mirror making kit. 
FOUCAULT TESTER, in its entirety, with 
source, knife-edge, measuring scale 
PYREX MIRROR BLANK 
NEW, NONVITREOUS TOOL, 
more accurate 
SEVEN ABRASIVES for greater safety and speed 
CERIUM OXIDE for fast, clean polishing 
SPECIAL OPTICAL PITCH to minimize danger of 
turned-down edge 
MAGNIFYING LENS, essential in mirror grinding 
DETAILED, ILLUSTRATED 
Making in the Kitchen’ 
(Starred items exclusive with The Astronomer Kit) 
6-inch kit ...... ....++$15.00 ppd. 
44-inch... .$11.50 ppd.; 8-inch....$22.50 ppd. 
Foucault tester only .............-$ 6.00 ppd. 


Mone) catalogue. 


ASTRONOMY, inc. 
Suite 305, American National Bank Bldg. 
Denver 2, Colorado 


light 


faster, smoother, 


back BudrANIee, Write for 


INSTRUCTIONS, ‘Mirror 











NOT FINER — THE FINEST! 


Metal cells were mighty fine 
Back in Isaac Newton's time 
But things have changed — 
it’s come to pass 
We make them out of FIBERGLASS. 
Like our fine tubes developed for you 
This FIBERGLASS CELL is 
completely neu 
It costs no more to have the best 
FIBERGLASS will pass every test. 
. $ 7.50 
$11.50 


No thermal transfer between your mirror and 
New easy installation. Special built-in 
YES, it has everything. 


FIBERGLASS TUBE SALES 


W. R. Parks, 20942 S. LaSalle, Torrance, Calif. 





cc ll. 
clips. 
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LUNAR PHOTOGRAPHY WITH A 6-INCH REFLECTOR 


| G°” PHOTOGRAPHS of the moon 


can be taken with moderate-size 
telescopes, even if they are not equipped 
with drives or slow motions. The moon is 
so bright that with modern fast films the 
need than 1/10 


Thus the telescope can remain 


ex posure not be more 
second. 
stationary during the exposure, without 
The accompanying pic- 


with my 


serious trailing. 


tures were made in this way 


homemade 6-inch {/12 reflector. 

For prime-focus photography, an adapt- 
er on the eyepiece tube takes holders fon 
2\-by-31-inch sheet film. A 35-mm. cam- 
cra of the single-lens reflex type could be 
used the same way, with the advantages 
of the fine-grain 35-mm. 
films available today. For focusing, I use 
a piece of ground glass fitted into the 


thin-emulsion 


adapter in the same plane as the film. 


The southern part of 
the moon, photographed 
by Robert T. Dobson 
with his 6-inch reflector 
and a Barlow lens on 
December 30, 1957, at 
6:23 p.m. Eastern stand- 
ard time. The 1/10- 
second exposure was on 
Verichrome Pan film. To 
the right of center, the 
prominent crater with a 
central peak is Tycho. 
An inch above it is Clav- 


ius, 144 miles in di- 
ameter. More than an 
inch below Tycho is 
Pitatus, with its wall 
broken down on_ the 
side bordering Mare 
Nubium. Near bottom 


center is a fine vertical 
dark line, which is the 
shadow that the Straight 
Wall casts to the east. 





machined 


Magnusson Telescopes and Accessories 
% Mountings as low as $29.00 and $59.00. 
% Low-priced clock drives and other accessories. 
Parts are sold separately. Write for prices. 
SETTING CIRCLES 
Made of choice aluminum or brass, 


Hour circles, machine-scribed with 


hour, half-hour, and _ five-minute 
marks. Declination circles scribed 
in degrees 0-90-0-90 Numbers 
stamped 14” dies. Holes 
reamed standard sizes. State sizes. 

Aluminum Brass 
Dy CRIES) SOECOE ERVD). ccvessecencses POH Oiaecsccsscceeeonte $19.50 
6” Circles, set OF TWO ....ccccssssaee DL PAUO) oépecccssesseuress $22.10 
BT MAES REE OLE WG csaccsicccocnss WAN at ccsctccescevecatl $31.20 


O. MAGNUSSON 


polished all over. 





14570 West 52nd Ave. 
Arvada, Colorado 
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Instead of a mechanical shutter, I em- 
ploy a large piece of sturdy cardboard, 
hole the size of the mirror 
has Painted black, this card- 
board is large enough to cover easily 


in which a 
been cut. 
the open end of the telescope tube. When 
less light is needed, the size of the hole 
is reduced by a mask. Only a_ 1}-inch 
hole is needed for a full-moon exposure 
on Panatomic-X film with my telescope. 

To make an filmholder 
is inserted in the adapter, and the tube 
end is covered by the cardboard before 
the slide is removed. After waiting a 
few seconds for vibrations to stop, the 
is quickly moved downward to 


exposure, a 


shutter 


uncover the tube momentarily for the 
exposure. The speed of the exposure is 
about 1/10 second, sufficient for a good 
image, and with a little practice con- 


sistent results are obtained by this method. 

At the primary focus of my telescope, 
the diameter of the lunar image is about 
173 millimeters. When an enlarged image 
is desired, I use a Barlow lens to triple 
the effective focal length. Because of the 
enlargement, some light is lost, and a 
faster film is needed. Although I have 
had some good results by force-develop- 
ing a slow film, this is not recommended 
as a standard practice. 

For lunar photography, film should 
have moderate contrast, good latitude, 
and fine grain. Many such emulsions are 
now available, but most often I use 
Panatomic-X sheet film. For the full 
moon, a contrast film shows the ray sys- 


tems well. When pictures are taken 











The first-quarter moon, taken at the 
prime focus of the 6-inch reflector on 
March 28, 1958, at 7:58 p.m. EST. The 
1/10-second exposure on Panatomic-X 
roll film was developed in Rodinal for 
11 minutes. The prominent mountain 
range a little below center is the lunar 
Apennines. South is to the top. 


through the Barlow lens, Verichrome Pan 
in film packs or Super Panchro-Press B 
sheet film are employed. 

Among the developers tried are Agfa 
Rodinal, ford Microphen, Clayton P-60, 
and Kodak DkK-50. The first three 
fine-grain developers. Rodinal is partic- 
ularly good for thin-emulsion films, and 
generally useful. The highly concentrated 
with water to 


are 


solution can be diluted 


suit the characteristics of the film. 
ROBERT T. DOBSON 
2720 Dewey Ave. 
Rochester 16, N. Y. 





With this fascinating, precision-built globe com- 
bination you can follow the exciting events of an 
entire day in the heavens. You read time by ob- 
serving the earth’s relation to the sun. There are 
two globes, a 6-inch terrestrial and a 12-inch 
celestial. The earth globe rotates by an electric 
motor once every 24 hours. The sun’s noontime 
position is shown for any point on the earth’s sur- 
face, and because the movable ecliptic ring is con- 
nected to the twilight ring, sunrise and sunset and 
the duration of twilight are shown for all places. 

Only two daily settings are necessary — simply 
move the sun indicator eastward to the next day’s 
date on the ecliptic circle, and turn the earth 
globe one degree to correspond to the actual rota- 
tion of the earth (about 361° in 24 hours). 

The movable ecliptic (sun) ring is also marked 
for the moon’s phase positions and the maximum 
greatest elongations of Mercury and Venus. 


Model ST-12-E.C. — 12-inch diameter ..... $97.50 
Write for free brochure. 


FARQUHAR TRANSPARENT GLOBES 


3724 Irving St., Philadelphia 4, Pa. 
Telephone: EVergreen 2-2833 


FARQUHAR EARTH CLOCK 
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Read This Advertisement 


Here is a combination of a Barlow and a particular ocular which gives outstanding results 
It consists of our new Barlow and our 16.3-mm. (24” focal length) Erfle eyepiece. 
Barlow was not specifically designed to work with this eyepiece, it does so to an astonishing 
degree. All images are sharp and hard to the very edge of the field. 

The Barlow gives magnification up to slightly over three times that of the ocular 
It is achromatic, coated, and mounted to the U. S. standard size of 1.250 inches. 

The modified Erfle eyepiece has a field 75 ees with excellent eye 
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combination gives an equivalent focal length of slightly under 6 millimeters. Many 
is far superior to any shorter focal length ocular of equivalent magnification. 
The Barlow sells for $16.00 postpaid, and the Erfle for $15.30 postpaid. Both are guarar 


teed to perform as stated above or money refunded. 


ORTHOSCOPIC OCULARS—All hard coated, standard 11/4-inch outside diameter. 


MMII sceiishicinadsiavs $15.60 CORON o ccnecscocccsons $16.80 I aiatsatiocnccecs $17.70 
16.3-mm. (Erfle) .... $15.30  Z-mm. ou... $17.70 Barlow 3x .......... $16.00 
Warranted to equal or surpass any oculars obtainab 





anywhere or mo 


Telescopi cS 


6565 Romaine Street 
Los Angeles 38, Calif. 





Finished mirrors, mirror kits, 
focusing devices, 


Send for catalogue. 


aluminizing. 
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1/20-WAVE PARABOLOIDAL TELESCOPE MIRRORS 


Who should buy for his telescope the finest optics now available? 


The astronomer (amateur or professional) who requires for his work or 
enjoyment the finest lunar and planetary detail. 

The astronomer who takes a measure of pride in employing the finest tools 
for his hobby or profession. 


The astronomer who is mature enough to sense that cheap prices match the 
goods offered, claims notwithstanding. 


* The astronomer who has had some experience in optics and hence knows the 
care that goes into the making of near-perfect optical surfaces. 


I am prepared to justify the meed for 1/20-wave accuracy in the primary mirrot 
of the telescope, with sound theoretical data showing why, for best planetary and 
lunar definition, it is not enough merely to confine the light rays to the theoretical 
diffraction pattern of a star (in effect, simply to define to Dawes’ limit). 


Please write for a copy of The Reflecting Telescope at no charge. It contains infor- 
mation that you will find valuable in considering a telescope for your own use 


NEW 1/20-WAVE PYREX MIRRORS, with 1/10-wave diagonal: 6-inch f/9, $95.00; 
8-inch f/8, $155.00; 10-inch f/8 or f/7, $255.00; 1214-inch f/8 or f/7, $395.00. 


RETOUCHING DEFECTIVE MIRRORS: 60% of new mirror price above. 


Terms: 14 with order, 1 when ready to ship, remainder on arrangement to 6 months, or 2% 
discount if paid within 10 days. If full payment is enclosed with order, 2% may be taker the full 


vou lut Optics 


amount. 


1806 South Park St., Box 2053 
Madison 5, Wisconsin 
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THANKS TO YOU . . . DEMAND FOR OUR NEW GALAXY SERIES 


IS SO GREAT WE ARE ABLE TO REDUCE OUR PRICES! 


Now you can buy the FINEST at the greatest savings ever! 
Buy up to or trade up to a TRECKERSCOPE! 


Now, as in the past, Coast Instrument’s high quality is the standard of comparison! 
The American telescope company that provides 1/20th-wave optics for amateurs and 
professionals alike again is way out in front with the GALAXY. No other telescope 
manufacturer today offers as many outstanding fgatures. These superb instruments 
are guaranteed to resolve to, or surpass, Dawes’ limit on nights of good seeing. The 
GALAXY optics are hand-figured and, therefore, our instruments are able to produce 
results far better than expectations. All of the GALAXY telescopes include these 
outstanding features rock-steady equatorial mount; quickly detachable legs for 
easy portability (only 70 seconds to assemble or disassemble entire scope for field 
trips); hydro-smooth rotating tube with built-in ocular rack; remote-assistance lig’ t; 
Opti-Set finderscope (only requires 3’ movement of head from finder to eyepiece, 
which is directly in line); Hydro-Glide (ultrasmooth, no backlash) focusing device; 
fiberglass tube; your choice of any three of the finest-quality oculars (Ortho-Stars), 
7 mm. 10 mm. 16 mm. 20 mm. 27 mm., or any two oculars and a 
Coast Achromatic Barlow Lens; synchro-smooth clock drive with manual flex-line 
control for precise tracking when no 110-volt power is available; wheels for ease in 
moving from location to storage area (wheels snap out for viewing). Leveling screws 
are provided for any minor difference in ground level. All in all your dollar cannot 
purchase better viewing. All of our instruments are American made, and you are 
protected by our 20-year unconditional guarantee. 


GALAXY 10” .... $ 795.00 
GALAXY 12.5” .. $1095.00 
STANDARD 6” ... $ 325.00 
STANDARD 8” .. $ 425.00 
STANDARD 10” .. $ 545.00 
6’ PATHFINDER . $ 189.50 


10’ CASSEGRAIN 
SKY GIANT ..... $1795.00 


4 GALAXY 6” ..... $ 495.00 
; GALAXY 8” $ 595.00 





OUR EXTENDED 
PAYMENT PLAN IS 
OFFERED TO ALL 

TAKE MONTHS TO PAY 
6— 12 — 18 — 24 
IF DESIRED... 


WRITE FOR OUR LAB 
GALAXY 6 INCH SPECIFICATION SHEET 





PARABOLIC MIRRORS, GUARANTEED UP TO 1/2CTii WAVE OR BETTER 


FROM COAST’S OWN OPTICAL SHOP, ALUMINIZED AND QUARTZ OVERCOATED 


6 6 8” 10” 122" 

£/10 f/8 £/7.5 or £/6 £/7.5 or £/6 £/7.5 or €/6 
i/20th WAVE.....—....... S7500......02 $105.00....... $195:00.. 0.05 $295.00 
710M WAVE. ... cm. ce caes RR 5547 eco 2 res Th ee $235.00 
1/8th WAVE... .$40.00 

REFIGURING, NO CHANGE IN YOUR OWN FOCAL LENGTH 

1/20TA WAVE... . 00sec cene 2 S| ee ee $175.00 
1/10th WAVE.....—........ 2”: aes S550. 5500505 $80:00........ $125.00 


ALL PRICES ABOVE INCLUDE MATCHING ELLIPTICAL DIAGONALS AND ALUMINIZING WITH 


QUARTZ OVERCOATNG. 


TREAT YOURSELF TO THE FINEST Words alone cannot express the superb quality of 
COAST mirrors they will positively amaze you with their ‘‘out-of-this-world’’ resolving 


power. This we guarantee you! Dawes’ limit is easily reached. 





OPERATING MANUAL HELAJUST FOCUSING MOUNT 


by Raymond Dudley . 
Now at a new low price, but un- 


Explains amateur Z - 
P excelled in construction. Both push- 
telescope operation, ; Zz pull for coarse adjustment, and 


including setting helical movement for fine, precise 


circles, sidereal - 4 seg. : 
. 4 F focusing. Beautifully finished in 
ae, ea black crackle and satin chrome, 
to pve 52 ones with a total extension of main tube 
beautiful objects in . and drawtube of 6”, and engineered 
sky as well as gener- : to fit all sizes of tubes without 
al “how-to-observe”’ ; modification. Has single-vane-spider 
instructions. 44 : holding boss for those desiring this 
pages of informa- method of using diagonal. Guaran- 
tion every amateur teed far superior to any other low- 
needs a focusing mount, or money 

$1.00 postpaid ack. (Takes 114’ eyepieces.) $9.95 














Zam = ORTHO-STAR OCULARS 


! DUST SEALED — ALL COATED 
; BEAUTIFUL FINISH 
i Guaranteed to be the finest you ever used— 
or return for full refund! Outstanding fea- 
tures: wide flat field, sharp to the very edge; 
extra-long eye relief; parfocalized for easy 
change of power; sealed-in optics, never need 
interior cleaning; hard coated, magnesium 
fluoride; boldly marked for easy identification; striking chrome 
and black-velvet finish, beautifully machined, 144°’ 0.D. 

ORTHO-STAR oculars are available in the following focal 
lengths, giving, for example, the indicated powers when used 
in conjunction with an 8” £/8 mirror: 26.6-mm.—61x; 20-mm. 
81x; 16-mm.—102x; 10-mm.—163x; 6.6-mm.—-233x. 

$19.50 each ppd. 

NOW AVAILABLE: 20-MM. ERFLE ORTHO-STAR OCULAR, 66°.7 
apparent field. $29.50 each ppd. 





a 





TRECKER-PATHFINDER $89.50 


EQUATORIAL MOUNT complete 


This mount will accommodate 4-inch to 8-inch telescopes. Specify your 
tube size when ordering. 
Standard 36-inch height — massive 11/2-inch steel shafting. 


This amazing EQUATORIAL MOUNT is just what the doctor ordered for 
mounting that homemade telescope you labored so hard to finish. Now 
you can purchase a beautifully constructed, highly rigid equatorial 
mount, COMPLETE, for your own telescope as economically as if you 
had built it yourself. This terrific mount is made entirely of metal; 
all of the moving equatorial parts are polished to work with maximum 
ease. Legs, head, and counterweight are all removable for easy storing. 
The saddle allows complete rotation of your tube. One of the more 
important features in this mount is that the polar axle is extended for 
ease in attaching a clock drive and/or setting circles, which may be 
added at any time. The TRECKER-PATHFINDER mount also has a beau- 
tiful, chip-resistant finish. Taking all of these unusual features into 
consideration, this is truly one of the best DOLLAR-FOR-DOLLAR values. 





HYDRO-GLIDE iy “oO 





Send for Coast 
Instrument’s Pro- 
fessional MIRROR 
CLEANING KIT. 


$2.35 ppd. 


7x, 50-mm. objective, helical 
focusing, with mounts and 
crosshairs. Same as used on 
TRECKERSCOPES. $18.50 








Coast Instrument’s own ‘‘Hydro-Glide’’ (type formerly referred 
to as “rack and pinion’’). Now you can have WHISPER-SMOOTH 
control with absolutely no high and low spots as geared units 
have. This has never before been available in any focusing 
mount. Standard in appearance, yet utilizing an entirely new 
concept. We guarantee you will be astonished at its unbeliev- 
able superiority. If this isn’t the absolute ‘‘smoothest,’’ return 
it for full refund. $18.50 patent pending 





MIRROR 
CELLS 


Skeleton type 


4-VANE 
SPIDERS 





gO yy a IOSINIO” 2.03 Ne Ge a heen S11:30: 10". 5.4 $14.95 
ae MMM 7 a ae $11.50 122" ... $16.95 











SEND FOR OUR NEW 68-PAGE CATALOG showing many of the other 
telescope items manufactured or distributed by COAST INSTRUMENT. It 
includes our treatise, ‘“‘“WHAT YOU SHOULD KNOW, LOOK FOR, AND 
DEMAND, BEFORE BUYING ANY TELESCOPE,’’ an impartial, informative 
article that will give you information you’ve probably been looking for 
to help make up your mind as to just what telescope you should buy! 











All prices, unless otherwise indicated, are at our warehouse in Long Beach, California, from where shipping charges will be added, and are subject to change without notice. 
Mechanical specifications are also subject to change. Nominal crating charge added for all telescopes and mounts. California residents: Add 4% sales tax to all prices. 


TRECKERSCOPES ARE CUSTOM MADE IN AMERICA BY PROFESSIONAL OPTICIANS AND ENGINEERS. NOW APPOINTING DEALERSHIPS . . . INQUIRIES INVITED. 


C ny ST ; N S T R T Ni 3 N T, j he C e 4811 Long Beach Blvd., Long Beach 5, Calif 


“IN OPTICS SINCE 1933” 


Phone: GArfield 2-3411 or NEvada 6-7683 
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Admiral W. H. Smyth made this draw- 
ing of Messier 11 in 1835, with the 
5.9-inch refractor of his private observ- 
atory at Bedford, England. He pub- 
lished it as a woodcut in his “Celestial 


Cycle” (1844). His rudely schematic 
depiction is more a historical curiosity 
than a scientifically accurate chart. 


DEEP-SKY WONDERS 

XCEPT for such fine examples as the 
Pleiades and Praesepe, galactic star 
clusters tended to be belittled in the older 
observing manuals for amateurs. Often 
described as “poor,” “thin,” and “sparse,” 
they seemed to be a minor phenomenon 
compared to the spectacular, densely 

packed globular clusters. 
Today, the pendulum is swinging the 
other way. More and more amateurs are 
finding these well-resolved star groups 








SUMMER SPECIALS 


“SEE THRU’ SKY MAPS — 814” circles. If you 
haven't this new luminous set, don’t delay. 


Order now. $5.25 
SOLARSCOPES — This is still a favorite. Ro- 
tary information bureau. Imported. $2.25 
STARS OVER HAWAII — Star names are in 
Hawaiian and English. $1.25 





HAWAIIAN ALMANAC — Early Polynesian i 


Ic 
HAWAIIAN WORDS AND PHRASES. 25¢ | 
STAR GAMES — Fun for all. $1.00 


LUMINOUS DECALS — For your bedroom or 
rumpus-room ceiling. $2.45 || 
LUNAR MAP — Over 325 craters, seas, and | 
mountains identified. 25¢ | 
TEEN-AGERS MOON MAP. 25c¢ 


| 
MOON MAP — By Rand-McNally. This is in | 
Now only 50c 





five colors. 
CONSTELLATION POST CARDS — 30 different | 
cards, $1.00 
PLANET PLACERS. 50c 
A few refined PLANET PLACERS are left. $2.95 |! 
JUNIOR STAR FINDER. 50¢ 


SOLAR SYSTEM DATA. Limited quantity 35¢ 
KNOW YOUR STARS. While these booklets * 
c 


CHART SETS — Three different sets available 
25 charts, 8145” x 11”, in a set. Over 1,000 
of these have been sold to date. 
$3.50 per set; $6.50 for 2 sets; $9.50 for 3 sets 

STELLASCOPE and STELLA-NAVIGATOR — Two 
excellent star finders. Regular price, $1.50 
each. For a limited time only, each 75¢ 


We plan mose slide sets this fall, and, if 
possible, we hope to put out a line of 35-mm. 
color slides. Several new editions of the Har- 
vard Books on Astronomy are in process, which 
we will have as soon as they are available. 











| Write for our free catalogue. 


} ASTRONOMY CHARTED 
33 Winfield St., Worcester 10, Mass., U.S.A. 
Phone: PL 5-6992 














rewarding objects in which rich detail is 
visible. 

Messier 11 (NGC 6705) is in the con- 
stellation Scutum, at 18" 48.4, —6° 20’ 
(1950), and is labeled on the star chart on 
page 177 of this issue. Within six minutes 
of arc from its center, there are about 600 
stars brighter than magnitude 15. The 
cluster stands out conspicuously against 
the background of the Scutum starcloud, 
as the photograph on page 142 shows. 

With the unaided eye, M11 is visible 
on a clear, dark night as a faint blur. 
Binoculars give an interesting view, while 
a 2-inch telescope brings out some indi- 
vidual stars. However, a large instrument 
is needed to reveal its full splendor. My 
most spectacular view was with the 36- 
inch reflector of Steward Observatory in 
Arizona, when the whole field shimmered 
with stars. The 10-inch reflector I use in 
Kansas does very well on M11, and pre- 
serves the triangular shape of the cluster, 
lost in photographs, which prompted Ad- 
miral Smyth’s description: “a flight of 
wild ducks.” 

Not far south of MII lies Messier 26 
(NGC 6694), at right ascension 18" 42™.5, 
—9° 27’, about one degree east of 5th- 
magnitude Delta Scuti. While both clus- 
ters have about the same angular diame- 
ter, M26 has far fewer stars, only about 
100 down to magnitude 15. The total 
light is about a match for an 8th-magni- 
tude star. In my 10-inch, M26 makes a 
bright splash on the dark sky behind. 
Some visual observers see the outline as 
far from circular; one amateur has writ- 
ten me that the cluster looks roughly 
square, and indeed the accompanying 
Palomar photograph gives this impres- 
sion. It would be interesting to compare 
its outline as seen in instruments of 
widely differing size. 

WALTER SCOTT HOUSTON 
Rte. 3, Manhattan, Kan. 


This photograph of Messier 26 was 

taken with the 48-inch Schmidt tele- 

scope at Palomar Observatory. South 

is to the top, and the width of this 

field is 40 minutes of arc. M26 is nearly 
7,000 light-years distant. 
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White WINDMASTER 


No. 409. Two matching dials, with 514” mounting 
diameter, show wind speed up to 120 miles per hour 
and wind direction around full 360°. Speed dial has 
HI-LOW range switch and is self-powered. Direction 
dial has ON-OFF switch and requires either 110 volts 
a.c. or 6-volt battery. Complete with 5’ mast, 60’ 
cable, and hardware. Available in brass or chrome. 

$122.50 


Units available separately: 


Speed, $55.00 Direction, $67.50 


Write for complete catalogue. 


SCIENCE ASSOCIATES 
| Instruments/W eather ° Astronomy/Teaching Aids 


194 Nassau St., P. O. Box 216, Princeton, N. J. 








PARABOLIC PYREX 


Diam. Focal Length Price 
am voi tomsessstcomns $39.95 postpaid 
8” MP acsiins . 58.95 postpaid 
1 b> ad 109.90 postpaid 


These mirrors are accurate to 14 wave length 
or better and are free of defects including 
chips, scratches, and pits. Aluminized reflec- 
tive- coating is protected with quartz over- 
coating. We invite you to test and compare 
these with mirrors selling for more. Returnable 
within 15 days if not pleased. 


OVERSTOCKED 


114”-minor-axis elliptical diagonals, alumi- 
nized and quartz over-coated. Made of extra- 
thick fine-annealed pyrex. Flat to 14 wave or 
4 better and free of any defects. While they 
last. Only $5.95 each, postpaid 


MOUNTED BARLOW LENS 
This is a special 
simple lens that 
fits neatly into 
your 114” focuser 
and takes any 
14,” O.D. eye- 
piece. Easily 
doubles or triples power of your present tele- 
scope. No adapters or adjustments necessary. 
$7.50 postpaid 





Unmounted Barlow lens, 114” diam. 
$3.00 postpaid 


BAUSCH & LOMB RED ROUGE 
This comes only in factory-sealed cans and 
is highly recommended for those who want the 
best. Prompt shipment from stock. 

Packed 5-lb. can, $8.00 postpaid 
WANTED TO BUY: Surplus or discontinued 
lots of lenses, eyepieces, objectives, and the 
like. 


Write for free catalog. 


NYE OPTICAL CO. 


7310 Broadway, Lemon Grove, Calif. 
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PERIODIC COMET FINLAY 

During early mornings in September, 
a 10th- or I1th-magnitude comet can be 
observed in eastern ‘Taurus. This is 
Comet Finlay, discovered in 1886, which 
comes to perihelion at intervals of just 
under seven years. Seen at every return 
except one until 1926, it was missed in 
1933, 1940, and 1947, then rediscovered 
in 1953. 

This year, Comet Finlay was first pho- 














PRECISION OPTICAL 
SUPPLY CO. 






































er hed I ll | | 
tographed at owe Observatory by #22 2 RRR 
PLANETARIUM SHADE ___, ore ; y OY |e : 
R. Burnham on June 2Ist, and on the | & TEN DAY s 
Attractively styled lamp shade provides the finish- followine night by Elizabeth Roemer : . if 
ing touch for anyone interested in astronomy or 5 5 lat : bd MONEY-BACK GUARANTEE . 
space science. Constructed of durable translucent at the U. S. Naval Observatory’s station | 5 e 
stock and printed in color. Stars appear white with ° oil The ae ten . HOME INSPECTION * 
outline of 37 constellations on deep blue background. in Arizona. 1e comet is closest to the s st ithe fades? ® 
Constellations of spring, summer, fall, and winter sun (100 millio1 iles) ¢ Ye . = bd 4 
accurately scaled and identified by name, with n (100 million miles) on September Ist. | TELESCOPE PARTS AND KITS . 
Milky Way, zodiac, and equator outlined. Size: 12’ rhe British computer M. P. Candy has | $ : 
diameter, 8/2’ high. Supplied with clip or washer- ACR ee ee ete ae ore et cas . . 
type mount (specify which when ordering). Ideal gift. furnished an extended ephe meris in Cir- ‘ MIRROR MAKING KITS . 
Practical and educational. $5.98 ppd. cular 1734 of the International Astronom- | Build fal dig . 
3 — ; ‘22 Stn ead . uild a powerful precision 
FAVORITE CONSTELLATIONS ical Union, from which are extracted the — * telescope. Quality supplies $450 uP : 
OF THE NORTHERN HEMISPHERE following predicted right ascensions and | & and instructions. . 
° e P - ° » . “ b= 
© 1959 declinations (1950 co-ordinates) for 10- | * 6” PYREX KIT $9.50 | 5 
A photographic atlas of the sky from declination dav intervals: . s 
to the North Pole. This set of 33 slides on ; b a ona sas Se ———— ae 
35-mm. film is made up of actual unretouched August 24, 4" 11.3, +14° 19”. Septem- s HARD OVER-COATED - 
photographs requiring almost three years to ob- ber 3. 4" 57™5 mo a. 9 Fh O9emeg s e 
tain using special equipment. Set includes 39 ver 3, 4° 57 ne +17 10’; 13, Y 30".6, s ALUMINIZING . 
slides one title, five star maps, and 33 con- +20° 00’; 23, 6" 08.9, +21° 36%. Octo- : 50 50 - 
stellations. Each slide mounted and_ identified. pe “h OAm 990 % 7 ‘s Pomc + ” 3 ” 4 = 
Suitable for projection with any 35-mm. equipment ber 3, 6" 344, +e is 1306") DS20; + 6 8 = 
on screen and ceiling for lectures and teaching. +23° 39’; 23, 7" 06".1, +24° 317. ° Superior reflecting surface. Guaranteed not bo 
This is the finest set of slides we have ever seen; ‘ ; P . to peel or blister. . 
each constellation is sharp and clear with excellent \ccording to Mr. Candy, the comet will ~ YOUR MIRROR TESTED FREE ON REQUEST ® 
R > » * y % : . 
contrast, Instructions included. $16.00 ped. 1) be fading from magnitude 10.4 on Sep- : 
Inquiries from schools, clubs, dealers, and plane : =a . = x . 4 . 
tarinms invited. tember 3rd to 11.6 on October 13th. Be- {Complete Instructions, 10c. Free Catalog. ® 
cause of the uncertainties in forecasting | § Precision Ootical Sunaly Co . 
. 
SPACEK INSTRUMENT CO. comet brightnesses, observers should be | ! . —— eal ng ll > sear 
i . : TE. t., New r . v. = 
1130 Sembling Ave., Pottstown, Pa. | prepared to find the object somewhat : eaaiil ; " . = 
brighter or fainter than predic ted. ORR RERPEREREREEE EER ERE REE EERE REE REE E REE | 
Se m Ton Astronomy Teaching Aid 
’ OBSERVATIONS OF SZ HERCULIS Y g s 
On page 508 of the June issue, a finder ES SCO Publi iss 
' : , & S ca ny 
chart was given for the Algol-type variable 
star SZ Herculis. ‘Vhe 19.6-hour period is vais ag Ag ong 
slowly changing, hence new determina- study materials vseful in thele clesereaine. The 
° : . o's . test charts are challengin un for the ama- 
tions of the times of minimum light are teur astronomer, too! iti 
desirable. SCI Equatorial constellation chart 
\t Ciudad Juarez, Mexico, Hector ne —" = ir germ pra 
: ° ° equatori char 1 
Ayala R. made visual estimates of the star or constellation names 
brightness of SZ Herculis with a 6-inch SC2 ———— Se 6 een 
; hee i ee reflector. During the minima of June 13- size) le 
? a ; asec SC2T Test circumpolar chart without 
WEATHER OBSERVATION 14, July 1-2, and July 10 11, he obtained el ae ccnianen eas Ge 
. P é 18, 15, and 12 observations, respectively. large size) 
ra at: . tT eee on « , O8A liptic-based st - itt 
16-mm. Camera and Data Recorder Phe minimum of June 27-28 was observed $508 —— a with 
Military-type weather observation unit contains a by FE Ashbrook at Weston, Massachusetts, $508 Ecliptic-based star > with 
s gle optic. s 16-mm. mag; é a, oy . as : equatorial grid, without names 
ian aakice saute icaeie bitanes caine with a 10-inch reflector. From this anat $508B Ecliptic <n list positions 
to gun cameras); 8-day aircraft-type clock with terial, the following Julian dates of mini- and magnitudes for 224 stars 
sweep-second dial and separate hour scale; pre : ee . 2 $505 Nine-inch protractor on paper 
ri tad mirror and lens aa with graph and float mum light, corrected for light time, have = an orbit amine , 
level; filter assembly; compass; barometer; sealed been deduced: $511 Inner planet chart —— orbits of 
relay; 3-digit solenoid-operated counter. Mercury, Venus, Earth, Mars 
System records simultaneously one frame showing Fete O-—C Observer $512 _ moet Ft orbits of 
exposure, barometer, compass, time and counter 9 A427 NOOO 70" d ~ ercury To saturn r 
readings, on 16-mm. film. System operates on 2,437,099.705 +0°.005 HAR S5O1A Special rectangular co-ordinate pa- : 
12-volt d.c ° 437.113.614 0.006 \ per for star maps 
2,437,113.6 006 J ; : 
Unit is shown disassembled, but it comes com o si - COL r J $502 a for cir- 
pletely assembled in original government shock 2,437,117.699 +0.001 HAR : P : Pp 
mounted packing i. aa : Price for each item listed above: | to 9 sheets, 
er _ , 2.437,126.699 +0.002 HAR 10 cents each; 10 to 24 sheets, 8 cents each; 
Perfect for celestial and industrial photography x ; 25 to 99 sheets, 6 cents each; 100 or more, 
at a fraction of government cost The O—C’s are the differences between 5 cents each. 
Brand new. Shipping weight, 45 Ibs. 15” x 9” the observed times of minimum and those From Stetson’s Manual of Laboratory Astrono 
x 17 ; ree’ ‘ en . : my, the chapter ‘Star Chart Construction’ is ; 
moe $35 ~ calculated from. the . prediction formula available as @ separate booklet, at 50 cents per 
e in the 1960 International Supplement of copy. i 
f.o.b. N. Hollywood, Calif., ; t f the D ; 
or f.o.b. Utica, N. Y. the Krakow Observatory. It appears that pone pe por a Pag sh Fem — I 
) . . . j as r og ° 3 m ; i 
(Please specify shipping point) during this summer the minima of SZ mounted on canvas. Limited quantity. (Slightly j 
2 ; ‘ : ) : | 
STANDARD ELECTRONICS. INC Herculis were coming 0.0035 day or five Gomaged sieng onges.) eer ee i 
one , / oa minutes later than predicted, on the SKY PUBLISHING CORPORATION | 
4900 Lankershim Blvd., North Hollywood, Calif. sedis Cambridge 38, Massachusetts 
i age. 
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U.S. SURPLUS BARGAINS 


IN HIGH-QUALITY OPTICAL PARTS AND 


EQUIPMENT 





8-POWER WIDE-FIELD ELBOW TELESCOPE 









BAUSCH & LOMB f/6 
AERO-TESSAR LENS 


Focal length 24”. Com 
pletely mounted with iris 
ar . Excellent for 
wide-field telescope. All 
excellent conditior 


Price $25.00 


COATED LENSES 













Fie ece 
ae 
WIDE-ANGLE ERFLE EYEPIECE Tail ” 
(68° Field) 
Coate optics achromatic 
] " toca ength, 1- 16” ert 
Price $12.50 | 
} seh 
16-mm. AERIAL GUN - 
ernment st 





| 

| 

CAMERA, MODEL AN-N6 | 
16- | 


mm. magazine i 
(50’) Operates at | 
6. 32. 64 frames 
per second. Complete 
with W ik 
Viens 1 (3 
mm.), f/3.5. Exce 
lent condition. Oper- 
ates on 24-volt d.c. 5” SCHMIDT 
Price $22.5! ULTRA-HIGH-SPEED 


OBJECTIVE LENS SYSTEM 


METAL PARABOLOIDAL MIRROR 


These are made of hastelloy hard metal. 
12” diameter. 53,” foca *th. Manu- 
factured by Bausch & 
h 






weight 31 Ibs. 
Price $10.00 each 





LENS ASSEMBLY 
48” FOCAL LENGTH — f/6.3 









This was used with the K40 aerial camera 
takes a 9” x 18” pl Manufactured y NAVY INFRARED RECEIVER, | a ee 
Kodak. pp ms, 14” diam. TYPE C-3 = 
Contains and iris. Ler r — = / 
aluminum housing. Approx t Pp at m8 ave 
All in original crates. co 
200 Ibs. Price $150.00 ir 

ee = source. 

it. Operates 


wear. 





tteries. Has 







BAUSCH & LOMB 








£/8 TELEPHOTO LENS mn sync 
C. A. Obje 
31 i apert r 
25 lbs. Excel- aie 
. Price $49.50 
INFRARED FILTERS 
534” diam. x 14” thick. Price $2.95 








plastic. 31, 

Manufactured 
tham Watch Ce 
$20.95 postpaid 







K24 AERIAL CAMERA 
WITH 7” £/2.5 KODAK 
AERO-EKTAR LENS 


Camera weighs $1ze: 
azine P € 
D 





ivancead Manually 


Price $50.00 
-Price $79.50 


Used, in good condition 
New Condition 


KODAK AERO-EKTAR 





i¢ mplete wit! 
Price $25.00 


BAUSCH & LOMB f/6, 24” f.1. 
AERO-TESSAR 
LENS SET 

Clear diameter 





AERO-EKTAR 
£/2.5, 12” €.1. 
RL aS 
rans i 
$50.00 


OBSERVATION INSTRUMENT THAT 
CONTAINS ELBOW TELESCOPE M3 


Mav 











Send full amount with order. All prices, 
except as noted, net f.o.b. Pasadena, Calif. 


No C.0.D.’s, please. 


2176 East Colorado St. 


SALES CO. Pasadena 8, Calif. MUrray 1-7393 
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The Radio 


Noise 
Spectrum 


Edited by , 
Donald H. Menzel 


volume derived from 


This 
papers presented at a Conference 
on Radio Noise held at Harvard 
College Observatory presents 
both a survey of the entire field 
and an introduction to further 
specialized work. The expert con- 
include: ‘Man-made 
Radio Noise,” “Radio Noise 
from Meteors,” “Solar Radio In- 


“Noise of Planetary 


tributions 


terference,” 
Origin,” “Correcting Noise Maps 
“Cosmic 


$7.50 


for Beamwidth,” and 


Radio Noise.” 


Cosmie 
Radio 
Waves 


By I. S. Shklovsky 


Translated by Richard B. Rod- 
man and Carlos M. Varsavsky. 
This monograph on radio-wave 
emission from objects located 


far beyond the solar system 
examines the influence of radio 
astronomy on such problems as 
the nature of primary cosmic rays, 
the dynamics of the stellar system, 
205 


o e 


$12.50 


and theories of cosmology. 


illustrations. 


PB UAgvagp 


79 Garden Street 


Cambridge 38, Mass. 
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WW BOOKS AND THE SKY W 


STANDARD HANDBOOK 
FOR TELESCOPE MAKING 


N. E. Howard. 
New York, 1959. 
ITH the advent of the first artificial 
satellite nearly three years ago, in- 
terest in things astronomical has greatly 
increased, and a number of 
people want a good telescope to satisfy 
their enthusiasm. This book gives com- 
plete and detailed instructions for making 


Crowell Co., 
$5.95. 


Thomas Y. 
326 pages. 


growing 


such an instrument. 

Of its 326 pages, some 230 are devoted 
to the actual 8-inch 
{/7 Newtonian reflecting telescope, while 
the remaining 
on building an 
tography, and different types of telescopes. 
There and 22 appendices 
supplying varied information. 

Written for the novice, the 
well arranged, but while directions 
are well presented and complete, they are 
unnecessarily wordy. Most of 
the material is not new; much may be 
found in the Amateur Telescope Making 
series and in Allyn J. 
Jean Texereau’s manuals. 
new techniques, particularly in polishing, 
are offered that may substantially reduce 
the time and labor usually required to 
complete the mirror. 


construction of an 


pages include discussions 


observatory, astropho- 


are a glossary 
book is 
the 


long and 


Thompson’s and 


However, some 


The author elected an 8-inch telescope 
because it “is only a little more difficult” 
to build than a 6-inch. He not 
stress some of the added problems of a 
instrument, particularly the need 
for more storage space, and the tele- 
scope’s added bulkiness when moved about 
for an Unless the 
builder can supply satisfactory housing 
may tire ol 

attic, 


does 


larger 


observing session. 


instrument, he soon 


the 


for his 
it, relegating it to cellar, or 
garage. 

The book’s title 
especially to persons familiar with 
Standard Handbook for Electrical 
Engineers, Handbook of Chemistry 
Physics, and similar that 
detailed data on all phases of their sub- 
jects. Here one expects information on 
making all types of telescopes and attach- 
ments, rather than just a simple reflector. 


is somewhat mislead- 
ing, 
the 
and 


volumes give 


Very little is said about optical theory, 
and aberrations are discussed only in 
connection with eyepieces. ‘The descrip- 
tions of telescope types, other than the 
Newtonian reflector, are very disappoint- 
ing. While brief mention is made of 
Cassegrainian, Gregorian, Schmidt, and 
Maksutoyv instruments, no technical 
cussion is Even the refractor is 
passed over quickly, and somewhat un- 
favorably at that. There are no words on 
the Herschelian or the Schmidt-Casse- 
grainian types, or the Johnsonian modi- 


dis- 
given. 


fication of the Gregorian telescope. 


The first five chapters deal with tele- 


1960 


scopes in general, the procedures for 
rough and fine grinding the mirror, types 
of strokes to use, data on abrasives and 
their grain sizes, and the principle of the 
Foucault test. Several varieties of testers 
are described, the Mackintosh type being 
very good and easy to construct. 
Chapter 6 is on pitch laps and _polish- 
ing. The messy job of making and chan- 
neling the lap is outlined, but there is 
no mention of using a V-shaped cutter 
attached to a hot soldering iron for 
cutting the channels. Several quick- 
polishing methods are given that may 
materially reduce working time. For the 
first hour of polishing, one method utilizes 
the finest of the fine-grinding abrasives 
on a pitch lap. It is then painted with 
hot beeswax to seal off the abrasive, and 
the polishing is continued with rouge. 
Another promising method is to cover a 
channeled pitch lap with a “fine-grained 
plastic material,” applying the polishing 
agent (rouge, cerium oxide, or Barnesite) 
to the plastic surface. The usual periods 
of cold pressing are, of course, required. 
The next section is concerned with 
testing the mirror, including the eyepiece 
and Ronchi tests for turned edge, and 
with correcting defects in the mirror’s 
surface. The author gives ways to take 
care of raised and depressed zones, “dog- 


[— Star Atlases and Books on Astronomy — 
New: PHOTOGRAPHIC LUNAR ATLAS, 


~ edited by G. Kuiper...... : aseseverressan ne 
THE STRANGE WORLD OF 

THE MOON, by V. A. Firsoff $5.50 
THE OTHER SIDE OF THE MOON.. ‘$2. 50 
MOON MAPS, by H. P. Wilkins............$6.00 
LAROUSSE ENC a LOPEDIA 

iyi) i) ) aa en $12.50 
AMATEUR ASTRONOMER’S 

HANDBOOK, by J. B. Sidgwick......$12.75 


OBSERVATIONAL ASTRONOMY FOR 

AMATEURS, by J. B. Sidgwick $10.75 
SKY OBSERVERS GUIDE.......... . $2.95 
THE PLANET VENUS, by P. Moore....$3.95 
THE PLANET JU PITER, by B. Pe ek..$8.95 
AMATEUR TELESCOPE MAKING 

Book 1, $5.00; Book 2, oan 00; Book 3, Oy od 
Norton’s STAR ATLAS : 
Beyer-Graff STAR ATL AS J “gis. 4 
BONNER DURCHMUSTERUNG.......$100.00 
Pocketbooks and paperbacks on astronomy — 
write for listing. Books on telescope making 
and optical glassworking. 


HERBERT A. LUFT 


69-11 229th St., Oakland Gardens 64, N. Y. 











BOOK OF 
15 PARADOXES 


in Math and Logic 


ERE’S a wonderful way to 

Sharpen your mind. 15 
great paradoxes in math and 
logic, compiled by noted Prof. 
Aubrey Kempner. Not simple 
parlor-game puzzles, but real 
brain teasers. See for your- 
self — do you know the an- 
swers to 2 equals 1; all 
triangles are isosceles; one-sided Moebius surf>ces? 
You and your colleagues will also be stumped by 
the bouncing ball . . . Pythagoras and his para- 
dox and ten others including the distance 


between 2 — inside a square inch is longer 
than the distance from Earth to Sun! ‘‘Para- 


doxes and Common Sense”’ costs only 25¢. Paper 
bound, handy pocket size. List price 50¢. Send 
this ad, your name and address, and 25¢ TO- 


DAY for your copy. 
D. Van Nostrand Company, Inc., Dept. 1199 
120 Alexander Street, Princeton, N. J. (Est. 1848) 

















biscuit” surfaces, central bumps and de- 
pressions. 

Chapters 8 and 9 deal with testing for 
the paraboloid and parabolizing the mir- 
ror. ‘The mathematics of the mirror curve 
are discussed at length, and changes in 
the knife-edge settings are calculated. ‘he 
permissible tolerance is given as 25 per 
cent for the 8-inch {/7 mirror. ‘This cal- 
culation is based on the Rayleigh limit, 
following the line of reasoning set forth 
by F. B. Wright in his article in Amatew 
Telescope Making — I (page 257). It 
would have been helpful if the author 
had included Wright's table on tolerances 
four to 36 inches in 


for mirrors. from 


diameter and for focal ratios of f/4 to 
{/12. Such information is of considerable 
interest today. 

The figuring methods include parabo- 
lizing by long strokes, by using a sub- 
diameter lap, and by a deformed or re- 
versed lap. No choice as to the best way 
is expressed by the author. For final 
judgment as to the accuracy of parabo- 
lization, knife-edge readings are taken at 
four zones, with the results plotted on 
graph paper in the manner described by 
Wright. Also plotted are the 25-per-cent 
undercorrected, the 100-per-cent corrected, 
and the 25-per-cent overcorrected curves. 
Deviation of the actual mirror curve will 
show the degree of correction in terms of 
wave length, if the 25-per-cent under and 
over limits be taken as 


may 1-wave 


correction. 


A lucid, reliable, and 
highly readable account 
of man’s present 
knowledge of the stars 
by a famous 







astronomer 


PATRICK 
MOORE 


F.R.A.S. 


Ser — 
i atrick Moore is one of the world’s 


leading amateur astronomers and the author 
of such well-known books as A Guide to 
the Moon, The New Guide to the Planets, 
etc. Now, in this book written expressly 
for the amateur, he provides a clear, re- 
liable, highly readable account of man’s 
present knowledge of the stars and of the 
fundamental processes of his universe. Step 
by step, he relates the marvels of discovery 
that have led to the picture of the universe 
which modern astronomy presents. 


A GUIDE TO 
THE STARS 


At all bookstores. $4.95 


W. W. NORTON & COMPANY 
55 Fifth Avenue, New York 3 








‘The next two chapters are devoted to 
making diagonal mirrors and eyepieces. 
Ways to cut, grind, and polish the glass 
for the diagonal are given. The common 
types of oculars are described, and methods 
for calculating the equivalent focal lengths 
Spherical 
aberrations in eyepieces 


of various lens combinations. 
chromatic 
are mentioned, as well as other optical 
defects. We are told how to put together 
eyepieces with lens elements from old 
cameras, field glasses, and other available 
equipment. 


and 


Then come three sections on the tele- 
and 
torial mounting, setting up the instrument 
Mr. Howard 
that fiberglass makes the best tube, and 
he gives rather detailed instructions on 
fashioning tubes and other parts from this 
material. 
telescope making literature. A minimum 
of machine work is needed for the several 


scope tube attachments, the equa- 


and adjusting it. believes 


This is a welcome addition to 


mountings Instructions are 
given for putting together the mirror 
cells, spider, diagonal holder, 
types of eyepiece holders, setting circles, 
as well as the gearing for simple clock 
drives. 

In Chapter 15, on and 
their construction, there are examples of 
sliding-roof and dome installations. Prin- 
cipal features are covered in a general 
manner, but the details are left for the 
It would have been helpful if 
drawings showing the sections through 


proposed. 


several 


observatories 


builder. 


the walls of both observatory types had 
been included. 

In the celestial photography section 
(Chapter 16), there are many hints, in- 
cluding formulas for calculating width 
of field, image size, and effective focal 
ratio when eyepiece projection and camera 
lenses are employed. Exposure times, 
types of film, developing procedures, and 
guiding problems are discussed from a 
practical standpoint. 

Numerous photographs 
ecuted diagrams and drawings are used 
throughout the book. More photographs 


and well-ex- 


of amateur-made equipment, as well as 
of commercial would help 


round out the presentation. 
HOY J. WALLS 
National Capital Astronomers 
Washington, D. C. 


telescopes, 


Films and the Sky 


THE STORY OF THE UNIVERSE 
UNIT II: THE SOLAR SYSTEM 


Harlan J. Smith. Films for Education, 
New Haven, Conn., 1960. Six filmstrips, 
$42.00. 


HIS is the second in a series of four 
Unit 
was re- 


units of educational filmstrips. 
I, “The Earth and Its 
viewed on page 47 of the 


Moons,” 
November, 
1959, issue. 

Unit II, “The Solar like its 
predecessor is designed primarily to be 


Svstem,”’ 


September, 1960, Sky 





The only 
complete 
guide to 
the world's 
newest 





frontier 





the 


SPACE 


encyclopaedia 
by 
SIR HAROLD SPENCER JONES, 


Former Astronomer Royal 
and others 
New revised edition 
with 320 illustrations, 
maps, and diagrams 


The first up-to-the-minute hand- 
book to combine a survey of all 
branches of astronomy, with de- 
tails of satellites, missiles, and 
upper-atmosphere research. With 
more than 700 factual, readable 
entries, the book covers artificial 
satellites; rocketry and guided 
missiles; moons and planets; mete- 
ors and comets; stars; galaxies and 
cosmology; radio astronomy; and 
space médicine. The book’s con- 
tributors are eminent professional 
scientists, many of them actually 
engaged in the direction of current 
space research. 


“The usefulness of this book cannot be 
overemphasized at this time. Not until 
this book has there been one important 
reference work which has been able to 
explain all phases of the new age — 
the space age.” — Library Journal 

$8.95 


E. P. DUTTON & COMPANY 
300 Park Avenue South, 
New York 10, N. Y. 


Please send me 
THE SPACE 
ENCYCLOPAEDIA 


@ $8.95. - Check 
Order enclosed. 


copies of 


Money 


Name 
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Astronomy Films } 


16-mm. sound, 400-foot reels | 
I THE SUN; II THE MOON; 
III SOLAR SYSTEM; IV MILKY WAY; 
V EXTERIOR GALAXIES. 


2x2 SLIDES 
35-mm. STRIPS OF SLIDES 


THROUGH 200-INCH AND 
OTHER GREAT TELESCOPES ‘ 
Catalogues on request. 
international 
Screen ipa f 
1445 18th Ave. North, St. Petersburg/ 4, Fla 























RUSSIAN HIGH-SCHOOL 
SCIENCE EXAMINATIONS 


Send for fascinating translation of actual 
Soviet tenth year final examinations in physics, 
chemistry, algebra, geometry. With it you get 
—also free—detailed guide for applying Title 
III funds (National Defense Education Act) 
to purchase of classroom science materials; 
plus illustrated catalog of tested, educator- 
approved science-teaching aids for all age 
groups, produced exclusively by 

SCIENCE MATERIALS CENTER, Dept. M-137 

A Division of The Library of Science 
59 FOURTH AVENUE, NEW YORK 3, N. Y. 
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FREE TRIAL! ! 
Receive Sept.-Oct. issue FREE by sending 
order now your subscription will 
begin with Nov.-Dec. 1960 issue. Money * 
refunded if not satisfied with first issue! 


>t 








+ 





One year $3.00 Two years $5.00 


THE MONTHLY EVENING SKY MAP 
... The Stars Brought Down To Earth! 
Have you scen it yet? THE MONTHLY EVENING Sky Map . 
new version of the magazine that has “brought the stars down to earth” for 
many thousands of readers for more than half a century. Now . . . in its 
bright and expanded format, the Sky Map is bigger and better than ever before. 
% Articles of popular interest. 
Guide for users of small telescopes. 
Detailed star and planet charts for each 
month. 
Regular features by such writers as Tom 
Cave, Walter Houston, Leon Campbell, Jr. 
Group projects for students and amateurs. 
Sample copy . 
(Inquire about reduced rates to club members.) 
Sky Map Publications, Inc. 
THE MONTHLY EVENING SKY MAP pp. 0. Box 213-5, St. Louis 5, Mo. 


.. the exciting 


50 cents (Bimonthly) 














YOUR TELESCOPE IS NO BETTER THAN YOUR ABILITY 
TO FIND THE THINGS YOU WANT TO SEE 


Now — for the first time 


ACCUSTAR 





An entirely practical solution to the 
amateur’s biggest problem. Now you 
can find celestial objects with an ease, 
speed, and accuracy never before ap- 
proached. 

To find any object you must know the 
sidereal time, and ACCUSTAR will give 
it to you instantly. Having already set 
the outer disk to your longitude, turn 
the inner disk until your clock (stand- 
ard) time mark coincides with the date. 
The sidereal time is then indicated on 
the inner dial. It’s as simple as that. 
Consistently accurate within two minutes 
or less. 


ACCUSTAR will do many things: tell 
precisely where any star or constellation 
will be at any time or place, determine 
longitude, tell the solar time with one 
simple observation easily made with 
ACCUSTAR. 


ACCUSTAR and the book, 
Find the Stars 


$9.75 


A precision instrument, blue and gold 
in color, 10 by 12 inches, plastic 
coated, metal backed, weighs less than 
a pound. Nothing to get out of order. 

The 56-page book Find the Stars has 
23 sky maps and needed information on 
over 250 celestial objects of prime in- 
terest to the amateur. 


ACCUSTAR will be your indispensa- 
ble guide to the heavens and multiply 
your pleasure in exploring them. Place 
your order now, 


P. O. Box 2806, Detroit 31, Michigan 
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used as a teaching aid in the upper cle- 
mentary grades. With little or no adap- 
tation, it can be employed effectively over 
a much wider age and educational range. 
The series is especially useful to teachers 
with little scientific and = astronomical 
background. Unit I] consists of six film- 
strips, available separately. 

1. “Introduction to the Solar System” 
(57 frames) proceeds from the motions of 
the planets as we on the earth see them, 
to ancient explanations of these motions, 
and thence to the modern concept of the 
solar system. Comparison of the planets 
with the sun and the domination of the 
sun are stressed throughout. The neces- 
sarily complicated topic of planetary mo- 
tions (inferior and superior planets are 
treated separately) is presented with a 
minimum of difficulty. 

2. “Mercury and Venus” (40 frames) 
deals with the inferior planets and prob- 
able conditions on their surfaces. We 
have rarely seen such a detailed and well- 
handled discussion of these two objects 
on the elementary level. The map of 
Mercury is splendid. As in Unit I, many 
basic principles are explained in full 
where they have application. For ex- 
ample, “Conditions on Venus” gives rise 
to a complete discussion of the green- 
house effect. 

3. “Mars” (45 frames) discusses Mars 
as a possible abode of life, describing its 
gravity, pressure, atmosphere, and giving 
detailed Martian weather maps. ‘This 
presentation is a welcome relief from the 
rehash so commonly found in discussions 
of possibilities of life on Mars. A treat- 
ment of its satellites and possible ice- 
crystal clouds and an unbiased discussion 
of the “canals” conclude the filmstrip. 

4. “The Giant Planets” (76 frames) 
first presents Jupiter as typical of the 
giant planets and then proceeds to the 
others. A very timely discuss‘on of radio 
emissions from Jupiter is followed by a 
detailed argument from density considera- 
tions that this planet is composed of 
light elements. Most of the treatment 
of Saturn is given to the ring system. 
Uranus, Neptune, Pluto, and peculiari- 
ties of Pluto’s orbit are the subjects of 
the final frames. 

5. “Between the Planets’ (59 frames) 
is a well-organized account of interplane- 
tary matter. Asteroids are described as 
being ground out by nature’s “celestial 
gravel mill.” ‘Treatment of comets is most 
complete, as is that of meteors and their 
relation to comets, and meteorites. Fi- 
nally, kinds of meteors, and the possible 
effect of meteors and solar plasma clouds 
on space travel are presented. 

6. “Our Sun” (44 frames) begins by 
asking the classical questions about the 
sun — how hot is it, what is it made of, 
why does it shine — and then answering 
them one by one. Corona, chromosphere, 
prominences, photosphere, and hydrogen 
fusion are described in some detail. We 





ENGINEERED FOR THE LAST WORD IN BREATHTAKING PERFORMANCE . . . PRICED 
FOR FIRST CHOICE IN VALUE... FULLY EQUIPPED WITH MANY EXTRA FEATURES! 


You'll Marvel At How Including ... @ ELECTRIC DRIVE (Patented) 
The Superb Optics Of @ SETTING CIRCLES @ ROTATING TUBE 


This Portable RV-6 A Complete Instrument, No Costly Accessories Needed! 


6-inch 
DYNASCOPE’ ~~ 
Gives The Same Exquisite Definition ») 


As Far More Expensive Instruments! 


This new addition to the Dynascope line has won immediate recog- 
nition from schools, colleges, and professionals, as an outstanding 
achievement in a 6-inch telescope. Although it was only recently in- 
troduced, our files are already filled with complimentary letters from 
excited amateurs and professionals all over the country. Each one is 
truly amazed at the superior optical performance of this new RV-6 
6-inch Dynascope! Here is large aperture in a quality instrument at 
a price that compares with many 4-inch telescopes. And this low cost 
includes such exclusive extra features as electric drive (patented), setting 
circles, and rotating tube! There are no “extras” to run up your cost! 

The superb optical system resolves difficult objects with definition 
that is absolutely breathtaking. The close tolerances of the precision 
construction assure an accuracy and smoothness of operation once 
associated only with the finest custom models. The heavy-duty mount, 
complete with electric drive, provides the stability so essential for sat- 
isfactory viewing, yet there is easy portability because in a matter of 
minutes the entire telescope can be dismantled into three easy-to-handle 
sections. 

Only Criterion’s engineering ingenuity, coupled with volume pro- 
duction and modern manufacturing methods, makes this handsome 
6-inch model available at such reasonable cost. You can order it 
with complete confidence that it will live up to your expectations in 
every way, for this assurance is guaranteed under our full-refund war- 
ranty. Send your check or money order today. Or use our liberal 
time-payment plan and take months to pay. 


YOU COULD PAY $100 MORE 
WITHOUT GETTING ALL THESE 
SUPERIOR FEATURES (Except on Another Dynascope) 


1. EXQUISITE OPTICAL SYSTEM INCLUDES F/8 6-INCH PARABOLIC PYREX 
MIRROR accurate to better than g wave, zircon-quartz coated, and guaran- 


Model RV-6 Complete 
with Dyn-O-Matic Electric Drive 
and All Features Described Below 


194” 


f.o.b. Hartford, Conn. 
4 >. 





Shipping Wt. 55 Ibs. 
Express Charges Collect 
™ No Packing or Crating 
™, Charges 
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ENJOY IT NOW FOR 
ONLY $74.95 DOWN 


No need to put off the thrills 
of owning this magnificent in- 
strument! Send your check or 
money order today for only 
$74.95 as full down payment... 
pay balance plus small carrying 
charge in your choice of 6, 12, 
or even 24 monthly payments. 
Same unconditional guarantee 
applies, of course. Or order 
today by sending your check or 
money order with coupon below. 


teed to reach all theoretical limits of resolution and definition. Teamed 
with elliptical diagonal, mounted in 4-vane adjustable spider. 


2. NEW DYN-O-MATIC ELECTRIC DRIVE with smooth self-acting clutch that 
engages and disengages automatically as you seek different objects. Will 
not interfere when manual operation is desired. Entire drive housed in 
trim aluminum case. Plugs into ordinary household socket. 


3. CHOICE OF ANY 3 EYEPIECES from the following: 65X-18-mm. Achro- 
matic Ramsden; 100X-12.7-mm. Achromatic Ramsden; 150X-9-mm. Achro- 
matic Ramsden; 220X-6-mm. Orthoscopic; 320X-4-mm. Orthoscopic. All are 
precision-threaded, give sharp images to extreme edges. 

4. SOLID NEW EQUATORIAL MOUNT, extra-reinforced design to provide 
pillarlike stability. No annoying side play or wobble. Adjusts easily to 
any latitude. 

5. SETTING CIRCLES for both right ascension and declination. 
engraved and finished in fine aluminum. 

6. 6 x 30 FINDERSCOPE, ACHROMATIC, COATED, with accurate crosshairs 
and fine focus. Durable cast-aluminum bracket with 6 adjusting screws 
allows positive collimation. 

7. ROTATING TUBE FOR MAXIMUM VERSATILITY AND VIEWING COMFORT. 
Solid-cast chrome-finished rings are generous 1°’ wide with felt lining. 
Newly designed construction, with over-sized knurled adjusting knobs, 
affords maximum rigidity and allows for quick disassembly and portability, 
with or without tube. 

8. STRIKINGLY HANDSOME WHITE 50” BAKELITE TUBE with porcelainized 
Duralite finish, durable yet light. Walls are Vg’ thick, completely insulated 
and anti-reflective blackened inside. 


9. BRASS RACK-AND-PINION EYEPIECE HOLDER has precision-cut rack and 
gear for easier, smoother, more positive focusing. Takes standard 114” 
oculars, negative or positive. 


10. STRONG, VIBRATION-FREE, ALL-METAL TRIPOD with easily removable 
legs. Provides sure, steady support, plus lightweight portability. 


CRITERION MANUFACTURING CO. 
331 Church St., Hartford 1, Conn. 


Manufacturers of Quality Optical Instruments 


Handsomely 





“IT never dreamed such a bril- 
liant, clear image could be 
had with a telescope costing 
under $200. It is one of these 
rare bargains that you find 
only once or twice in a life- 
time.”’ 

B.S. — New Jersey 


Sound too good to be true? 
Then read what these delighted 
DYNASCOPE owners have to say: 


“A friend of mine has a 6- 
inch telescope without electric 
drive, for which he paid over 
$300. He agrees that my 
new DYNASCOPE not only 
outperforms it, but is a much 
better-looking and better-built 
instrument.’’ J.L. — New York 


Criterion Manufacturing Co. 


6_., 12 


[] | prefer your easy terms! 


_, 24. months (check choice). 


[J Send FREE ILLUSTRATED LITERATURE describing the RV-6 6” Dynascope 
and all the telescopes in the Dynascope line. 


“Congratulations on the ex- 
cellence of your workmanship. 
The optics are truly amazing. 
I never expected such won- 
derful performance.”’ 

L.H.N. — Massachusetts 


Dept. STR-14, 331 Church St., Hartford 1, Conn. 


[-] Please send me, under your unconditional guarantee, the RV-6 6” Dyna- 
scope. Full payment of $194.95 is enclosed. 


Enclosed is $74.95 as down payment with 








Address 
City 


{ 
understanding that | will pay balance (plus small carrying charge) over | 


State 
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Perfect companions for your observing programs 


DE LUXE ATLAS OF THE HEAVENS 
and the ATLAS COELI CATALOGUE 


Both by Antonin Becvar and his coworkers 
at the Skalnate Pleso Observatory 


The De Luxe Atlas of the Heavens has 16 sturdily bound charts, which cover the 
entire sky to magnitude 7.75. Printed in many colors, more than 35,000 celestial 
objects, including over 100 radio sources, are plotted on the large 161/2-by-23-inch 
maps. You'll find double, multiple, and variable stars; novae, clusters, globulars, and 
planetaries; bright and dark nebulae; the Milky Wey and constellation boundaries. 
Bayer-letter and Flamsteed-number designations are given. The transparent grid 
overlay facilitates locating the object you want. An atlas without equal! 


The Atlas Coeli Catalogue (As/as Coeli — Il, Katalog 1950.0) is the most com- 
plete check list of celestial objects ever offered the amateur observer. Listed, with 
descriptive data, are the 6,362 stars brighter than magnitude 6.26, with their right 
ascensions and declinations for 1950, precessions, proper motions, magnitudes, and 
spectra; 293 open star clusters; 100 globular clusters; 240 bright diffuse nebulae; 
144 planetaries; 1,131 galaxies; some 1,750 visual double and multiple stars; and 
633 variables bright enough for amateur observing. Sturdily cloth bound, this 367- 
page book is 814 by 1134 inches in size. Explanations in English. 


De Luxe Atlas of the Heavens.............. 
SEO TET EET CET ELE TORE EET TE ee. $8.75 


SPECIAL: 


— OTHER ATLASES — 


FIELD EDITION ATLAS OF THE HEAVENS. Each chart is reduced from the origi- 
nal Atlas Coeli and is printed on heavy, stiff paper 18 by 121% inches. Stars are 
white on black background. The 16 charts are unbound. Perfect for outdoor use. 

$4.00 each; 2 for $7.50 


NORTON’S STAR ATLAS. This famous star atlas and reference handbook covers 
the whole heavens, showing over 9,000 objects: stars to magnitude 61/3, nebulae, 
and clusters. Descriptive lists of 500 interesting subjects for viewing with small 
telescopes, and useful data for observing the sun, moon, and planets. New 14th 
edition, 1959. 82 by 11 inches. 108 pages. $5 


POPULAR STAR ATLAS. A simpler version of Norton’s Star Atlas, the 16 bound 
maps show all stars down to magnitude 52. 72 by 92 inches. 38 pages. $2.00 


PHOTOGRAPHIC LUNAR ATLAS. Expertly assembled under the direction of 
Gerard P. Kuiper, this atlas contains 281 of the finest photographs of the moon in 
existence, taken with large telescopes at Mount Wilson, Lick, Pic du Midi, McDonald, 
and Yerkes observatories. The 230 sheets measure 15'/2 by 19 inches, gathered loose- 
leaf in a sturdy box, and are thumb-indexed and numbered to permit easy location of 
parts of the moon’s surface. This magnificent atlas is indispensable to every pro- 
fessional and amateur astronomer seriously interested in lunar problems. $30.00 


— BOOKS FOR THE AMATEUR — 


LAROUSSE ENCYCLOPEDIA OF ASTRONOMY. By Lucien Rudaux and G. de 
Vaucouleurs. ‘By far the best general survey of its kind for anyone who has grad- 
vated from the ordinary popularizations and wants a taste of the real business of 
astronomy. . . . The lucid and interesting text is supported by a most effective 
and intelligently planned collection of diagrams, photographs, and charts. . . . This 
is an achievement of a high order.’ — Scientific American. Many full-color rendi- 
tions. Full-page size is 8 by 11¥%g@ inches. 506 pages, 818 illustrations. 2.50 


THE HISTORY OF THE TELESCOPE. By Henry C. King. A complete account of the 
development of the telescope from the crude instruments of the ancients to the giants 
of today. ‘An inspiring story of human progress. . . .“’ 72 by 10 inches, 456 
pages, 196 illustrations. $7.50 


MAKING YOUR OWN TELESCOPE. By Allyn J. Thompson. Join the tens of 
thousands of amateurs who are using this basic book on telescope making. Complete 
step-by-step directions for making and mounting your own 6-inch reflecting telescope 
at low cost. In easy-to-understand chapters, you learn how to grind, polish, and 
figure the mirror, and how to make an equatorial mount that will provide a sturdy, 
solid support for your mirror. 211 pages, 104 illustrations (6th printing). $4.00 


SPLENDORS OF THE SKY. A 36-page large picture booklet with short and easy- 
to-understand captions. Among the many full-page illustrations, taken with the giant 
telescopes of Mount Wilson and Palomar Observatories and Lick Observatory, are a 
close-up view of the moon’s surface, and a field of distant galaxies. 36 pages, 66 
illustrations, paper bound. Now only 50c 





PHILIPS’ PLANISPHERE 


The latest edition of this world-famous star finder, suitable for use within 
10 degrees of latitude 42° north. Beautifully printed in dark blue and gold, 
it identifies the principal constellations and stars above the observer’s 
horizon for any time of the night throughout the year. It is set quickly 
by turning the transparent plastic overlay around its central pivot, which is 
at the pole of the star chart on the substantial cardboard base plate. Direc- 
tions for using the device are given in four languages. $3.00 








STELLAR FACTS AT A GLANCE 





COLOR MAP OF THE NORTHERN HEAVENS 


In addition to the positions and apparent magnitudes of celestial objects, this 
beautiful wall chart gives information on the distances, sizes, and spectral types of 
many bright stars. Such important star groupings as Gould’s belt, the Scorpius- 
Centaurus association, the blue stars of Orion, are all indicated by the star symbols, 
colored vividly to show spectral class. The northern sky to —43° is shown on a 
polar projection; stars brighter than magnitude 5.1 included. Printed on an attractive 
sky-blue background, the chart is a huge 30 by 341/2 inches and is mailed unfolded 
in a heavy tube. Now only $1.00 


CCLOR CHARTS OF THE MOON 


These two striking celor charts of the first-quarter and last-quarter moon were drawn 
by Joseph Klepesta, the well-known Czechoslovakian amateur astronomer and astro- 
nomical publisher. Each lunar half is an impressive 27 inches in diameter; the over- 
all size of a chart, 23 inches wide by 33 inches high. Here are two genuinely useful 
and informative maps for your observatory, library, den, or clubroom. Printed in pre- 
dominantly gold and black on heavy 150-pound paper, the charts reach you unfolded 
in a cardboard tube. $2.00 per set of 2 


ELGER’S MAP OF THE MOON. The moon chart itself is 18 inches high by 17/2 
inches wide and identifies all the important lunar features. Below the map are notes 
by H. P. Wilkins on 146 of the more interesting regions. Mailed unfolded. $3.00 


LUNAR MAP. In two colors and over 10 inches in diameter, the map identifies 
the most important features on the moon, including 326 mountains, seas, and craters. 
Handy finding list on reverse side. 25c each; 3 or more, 20c each 


— CELESTIAL PHOTOGRAPHS — 


18 pictures of the entire visible face of the moon, made from unsur- 
Each print 8/2 by 
$3.00 per set 


MOON SETS. 
passed Lick Observatory negatives of the first and last quarters. 
1134 inches. Key charts supplied. 


LUNAR CRESCENT SETS. 10 Lick Observatory pictures that form a matching series 
to Moon Sets, but for the waxing crescent 41/2 days after new moon, and the waning 
crescent about five days before new moon. $2.50 per set 


24 pictures of objects in the solar system and in the Milky Way, all 
Each print 8Y2 by 1134 inches. 
$4.00 per set 


SKY SETS I. 
celestial wonders of interest and beauty. 


SKY SETS II. 24 pictures of nebulae in our galaxy, portraits of other galaxies, 
many made with the 200-inch telescope, and four drawings of the 200-inch telescope 
by Russell W. Porter. Each print 8/2 by 1134 inches. $4.00 per set 


— OTHER SKY PUBLICATIONS — 


SOUTHERN HEMISPHERE CONSTELLATIONS. 
latitude 40° south. 


RELATIVITY AND ITS ASTRONOMICAL IMPLICATIONS. By Dr. Philipp Frank. 75c 


By Sir William Peck. 12 star maps for 
$2.50 


HOW TO BUILD A QUARTZ MONOCHROMATOR for Observing Prominences on the Sun. 
By Richard B. Dunn. 50c 


THE STORY OF COSMIC RAYS. By Dr. W. F. G. Swann. 75c 


Write for free descriptive catalogue. All items sent postpaid. Please enclose your check or money order. 
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are even treated to a glimpse of what may 
possibly happen to the sun five or 10 
billion years in the future. Applications 
of solar energy and the growing necessity 
for using it are considered. 

As in the first unit of the series, the 
artwork is superior. The text is easily 
understandable, unusually thorough, and 
very well organized. Again, review ques- 
tions appear at logical intervals through- 
out the material. If the authors published 
the drawings, with text, in book form, it 
would extend this wonderful material to 
a much wider audience. For maximum 
effectiveness, Unit II should be used as a 
sequel to Unit I. Basic principles and 
facts explained in Unit I appear fre- 
quently in Unit II, particularly in the 
first filmstrip. If the student has not had 
these he may easily become confused. For 
the teacher with sufficient background to 
supplement the discussion, however, lack 
of Unit I would not be a serious handicap. 

If Units II] and IV maintain the stand- 
ards set by Units I and LH, The Story of 
the Universe will be one of the finest 
aids to the teaching of astronomy ever 
assembled. 

Orders for films and requests for further 
information should be addressed to Films 
for Education, Audio Lane, New Haven, 
Conn. Prices are $7.50 for each strip or 
$42.00 for a unit of six filmstrips. Units 
III and IV are now in preparation. 

VALERIE A. ROBERTS 
Charles Hayden Planetarium 


NEW BOOKS RECEIVED 


HAnpbsook oF Geopuysics, U.S. Air Force, 
1960, Macmillan. 656 pages. $15.00. 

First published in 1957 for the exclusive 
use of U. S. Air Force prime contractors, 
this book has now been revised and brought 
up to date for general distribution. Consist- 
ing mostly of technical data, it was prepared 
by 60 civilian scientists employed by the Air 
Force, and covers all topics in meteorology 
and geophysics, including chapters on mete- 
ors, the sun, and cosmic radiation. 


TRANSACTIONS OF THE INTERNATIONAL 
ASTRONOMICAL Union, Vol. X, D. H. Sadler, 
editor, 1960, Cambridge University Press. 773 
pages. $17.50. 

The latest volume of the Transactions 
follows almost exactly the model of the pre- 
vious one, containing the main proceedings, 
draft reports of the individual commissions, 
and the four joint discussions of the 10th 
general assembly of the IAU, held at Moscow 
in 1958. The symposiums that took place in 
conjunction with the meeting are to be pub- 
lished separately. 

Also included in this volume are the 
minutes of the general sessions, texts of all 
the resolutions adopted, and the statutes and 
membership list of the union. The text is 
largely in English, with some sections in 
French. 

Moon Maps, H. P. Wilkins, 1959, Macmillan. 
65 pages. $6.00, spiral bound. 

The 25 principal charts depict the lunar 
surface as seen under conditions of mean 
libration, and a special one shows detail in 
the great walled plain of Ptolemy. These 
maps were previously published in The Moon 
by Wilkins and Patrick Moore, which con- 


tained libration charts omitted in this re- 
issue. The map scale is roughly 40 inches 
to the moon’s diameter. There is a 28-page 
alphabetized list of named lunar objects. 


THE Ex 
Felix Godwin, 
pages. $6.50. 

The 19-year-old author deals with the 
problems of interplanetary travel, including 
his designs for the space vehicles to be used. 
He is concerned mainly with exploring the 
moon, Venus, and Mars. 


XPLORATION OF THE SOLAR SYSTEM, 
1960, Plenum Press. 200 


THE ExpPLorRATION OF SPACE, Robert Jastrow, 
editor, 1960, Macmillan. 160 pages. $5.50. 

Thirteen papers and three round-table 
discussions on astronomy, astrophysics, and 
space research, given at a symposium in 
April, 1959, are here gathered in book form. 
Included are articles on the moon by G. P. 
Kuiper, meteorites by H. C. Urey, and the 
planets Mars and Venus by G. de Vaucou- 
leurs. 


Alan E. Nourse, 1960, 
Harper and Bros. 295 pages. $5.95. 

The solar system is discussed for the 
general reader, with imaginative illustrations 
of the planets by Mel Hunter. 


NINE PLANETS, 


Shklousky, 
444 pages. 


Cosmic Rapio Waves, I. S. 
1960, Harvard University Press. 
$12.50. 

A comprehensive description of the nature 
and sources of radio emission from objects 
located far beyond the solar system is pre- 
sented in this Russian monograph, now in 
English translation. Current major problems 
in radio astronomy, dealing with emission 
nebulae, interstellar gas in the galactic 
nucleus, and supernovae, are investigated. 


New and Recent Astronomy Books from Macmillan 


1 MOON MAPS 


By H. P. Wilkins 


moon” 
space station photographs. 


A unique format, with map and text bound on separate rings, is 
designed to make the map especially easy to use right at the 
telescope. Any two map and text pages can be brought together 


with a flip of the wrist. 
Plus these other special features! 
e 25 separate plates 


700 named craters described 
90,000 objects clearly visible 


Illustrated $6.00 


For professional and amateur, this is the largest, most complete 
lunar map ever produced. The map shows nearly the entire sur- 
face of the moon including the long unknown “other side of the 
charted from Russian Lunik Ill automatic interplanetary 


Reproduction to a scale of 55.4 miles to the inch 


Many new details, such as the recently announced volcanic 
eruption within Alphonsus, are included. The great walled- 


3 THE PLANET VENUS 


By Patrick Moore 
2nd Revised Edition 
Illustrated 


THE SUN 


By Giorgio Abetti 
Illustrated 


Illustrated 


Terrestial Relations 
By M.A. Ellison Illustrated 


GUIDE TO MARS 


By Patrick Moore 
Illustrated 


A By Gerard De Vaucouleurs 


DISCOVERY OF THE UNIVERSE 


$6.00 


THE SUN AND ITS INFLUENCE 
An Introduction to the Study of Solar- 


8 THE PLANET JUPITER 
By Bertrand M. Peek 


Illustrated $8.95 
$3.75 
g AMATEUR ASTRONOMER’S 
HANDBOOK 
$12.00 By J. B. Sidgwick 
Illustrated $12.75 


OBSERVATIONAL ASTRONOMY 


10 FOR AMATEURS 
By J. B. Sidgwick 


Illustrated $10.75 
$5.00 
INTRODUCING ASTRONOMY 
1] By J. B. Sidgwick 
$2.95 Illustrated $3.95 


plain of Ptolemy, one of the best observed formations on the Order from your nearest bookstore or use this handy coupon! 
lunar surface, is shown in minute detail. RE Se a ee, ene ee cee mie a ee ee a a ee ee eee 
| THE MACMILLAN COMPANY, DEPT. ST-3 | 
60 Fifth Avenue, New York 11, N.Y. 

4) ASTRONOMICAL PHOTOGRAPHY AT THE TELESCOPE GR ae te eas 
By Thomas Rackham Illustrated $7.95 1 | - may return the book(s) within 10 days and owe nothing if I'm not satisfied. Othery 
“...ASTRONOMICAL PHOTOGRAPHY AT THE TELESCOPE has antici- | %°¥ ™#Y Dill me accordingly, plus 2 few cents for postage 
pated and provided adequate answers to the numerous problems i hk. 2 3 4. 6 7 8 9 10 11 I 
encountered by the beginner. Indeed, the author has gone beyond , | 
the bare minimum, and provided the worker with a good review of 4 Name | 
photographic theory in addition to practical procedures at the 4 
telescope. 1 Address | 

.when one considers the cost of photographic materials I 
plus the value of the telescope, not to mention the amount of ! City Zone State l 
experimenting necessary for good results, 2 good working manual THF” SAVE! Enclose payment now and we will pay the delivery charges | 
such as ASTRONOMICAL PHOTOGRAPHY AT THE TELESCOPE is but Diaawent Sane cima vauenicca Prices subject t 
2 Small Portion OF tne aul E. Roques, THE GRIFFITH OBSERVER |. _ as OM ee 
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3-inch 
Astronomical 
Reflector 


60 to 180 Power 
An Unusual Buy! 





Assembled ready to use! See Saturn’s rings, the 


planet Mars, huge craters on the moon, star clusters, 
moons of Jupiter, double stars, nebulae, and galaxies! 
Equatorial-type mounting with locks on both axes. 


Aluminized and over-coated 3”-diameter f/10 primary 


mirror, ventilated cell. Telescope comes equipped with 
1 60x eyepiece and a mounted Barlow lens, giving you 
60 to 180 power. A finder telescope, always so essen 
tial, included. Sturdy, hardwood, portable tripod. 

FREE with Scope: Valuable STAR 

CHART plus 272-page ‘HANDBOOK 

OF THE HEAVENS” plus the book 

“HOW TO USE YOUR TELESCOPE.” 


RCN OE ON oases csicssecvcscosseovecssoee stapes $29.95 ppd. 


4%," ASTRONOMICAL TELESCOPE 
UP TO 255 POWER 
New Vibration-Free Metal Pedestal Mount 
With this scope you can see every 
thing described above, but with 
greater power. Also, it will split 
closer double stars. Mirror has twice 
the light-gathering power. Rack 
and-pinion focusing, real equato 
Pd rial mounting only one motion 
needed to follow the stars! Alumi- 
num tube. 6-power finder tele 
scope. 2 standard-size eyepieces and 
mounted Barlow lens give you pow- 
ers of 40x, 90x, 120x, and 255x. 
Low-cost accessory eyepiece available for higher powers. 
FREE with Scope: Valuable STAR CHART plus 272-page 
“HANDBOOK OF THE HEAVENS” plus the book “HOW 
TO USE YOUR TELESCOPE.” Shipping wt. 25 Ibs. 
PROT PETE FOO 6c ccc ccvcsccsccccsceus $79.50 f.o.b. 
Barrington, N. J. 
Same telescope as described above but equipped with 
Electric Clock Drive. 


IN oc. cdcceceess eecvsnea® $109.00 f.o.b. 
Barrington, N. J. 


Se] 


STANDARD 4-mm. GRTHOSCOPIC EYEPIECE 


f 


These are best for extremely high 
magnification (300 power with a 
48”-f.1. objective). You get a 
wide, flat field — almost 3 times 
as much field as a Ramsden of 
the same power — excellent color 
correction and definition. Preci- ; 

sion made of brass, chrome plated and black enameled. 
Inside is dead-black anodized with anti-glare shield. 


SN ON 6 5.6 vos oensseeeeee Only $14.50 ppd. 





““MAKE-YOUR-OWN” 41/4” MIRROR KIT 
The same fine mirror as used in our telescopes; 
polished and aluminized, lenses for eyepieces, and 
diagonal. No metal parts. 
EE. ny becdevdakssnsiueeseee $16.25 ppd. 


Rack-&- Pinion Eyepiece Mounts 


Real rack-and-pinion focusing 
with variable tension adjust 
ment; tube accommodates stand- 
ard 114” eyepieces and acces- 
sory equipment; lightweight 
aluminum body casting (not 
cast iron); focusing tube and 
rack of chrome-plated brass; 
body finished in black wrinkle 
paint. No. 50,077-Y is for re 
flecting telescopes, has focus 
travel of over 2”, and is made 
to fit any diameter or type tub 
ing by attaching through small 
holes in the base. Nos. 
50,103-Y and 50,108-Y are for 
refractors and have focus travel 
of over 4”. Will fit our 27%” 
I.D. and our 3%” I.D. alumi 
num tubes, respectively. 





For Reflectors 


Stock #50,077-Y. .(less diagonal holder)... .$8.50 ppd. 
Stock 260,049-Y. (diagonal holder only).... 1.00 ppd. 
For Refractors 

Stock #50,103-Y. (for 27°’ 1.D. tubing)....12.95 ppd. 
Stock 7£50,108-Y. (for 37°’ |.D. tubing)....13.95 ppd. 


BINOCULAR-TO-CAMERA HOLDER 
For Exciting Telephoto Shots 
Will fit any camera. 


—: Bring distant objects 
| times nearer with a 35-mm. 
‘ camera, 7 x 50 binocular, 
and our BINOCULAR-TO 
CAMERA HOLDER. Ideal 
for photographing the con 
stellations, star clusters, the 
moon, as well as cloud 
formations, wildlife, vistas. 
Camera and binocular attach easily. Use any binocu- 
lar or monocular any camera, still or movie. Take 
color or black-and-white. Attractive gray crinkle and 
bright chrome finish, 10” long. Full directions for 
making telephoto pictures included. 


DIRE Fee MEO s i550'n056c sen wuressssicien $11.50 ppd. 





Take Pictures Through 
Your Telescope with the EDMUND 
CAMERA HOLDER for TELESCOPES 


Bracket attaches perma- 
nently to your reflecting 
or refracting telescope. 
Removable rod with ad- 
justable bracket holds 
your camera over scope’s 
eyepiece and you're ready 
to take exciting pictures 
of the moon. You can 
also take terrestrial tele- 
photo shots of distant 
objects. Opens up new 
fields of picture taking! 





SUN PROJECTION 

SCREEN INCLUDED 
White metal screen is easily at- 
tached to holder and placed be- 
hind eyepiece. Point scope at 
sun, move screen to focus . 
and you can see sunspots! 

All for the low, low price of $9.95 

Includes brackets, 283,” rod, projection screen, screws, 
and directions. Aluminum; brackets black crinkle 
painted. 


IN 6 5 ha cas005snedcnasew heat $9.95 ppd. 





PRISM STAR DIAGONAL 


For comfortable viewing of 
the stars near the zenith or 
high overhead with refract- 
ing telescopes using standard- 
size (14%,” O.D.) eyepieces, 
or you can make an adapter 
for substandard _ refractors. 
Contains an excellent high- 
quality aluminized right-angle 
prism. The tubes are satin 
chrome-plated brass. Body 
is black wrinkle cast alumi- 
num. Optical vy of the 
system is about 31 


SU IIOII EN 6ocscacescesvevesctereee $12.00 ppd. 





AMICI-PRISM STAR DIAGONAL 


Same as above except contains Amici roof prism in 
stead of usual right-angle prism. Thus your image 
is correct as to top-bottom, making it excellent for 
terrestrial viewing 


8 ics ness cm eesesawea ae $12.00 ppd. 


ASTRO-COMPASS 
AND TRANSIT 


War-surplus! Astro-Compass alone 
cost Gov't. $75. We have added a 
sighting level to improve versatility. 
Hundreds of uses in carpentry, brick 
laying, foundation work, grading, 
irrigation or drainage. Much below 
cost of ordinary surveying instru- 
ments. Ideal for do-it-yourselfers. 
1044” high, 6” long, 4” wide. Ad- 
justable leveling platform — 2 spirit 
levels for aligning — also spirit 
level in sighting attachment. A tre 
mendous bargain. 


ne te) a Eee $19.95 ppd. 











NOW! LENS ERECTOR FOR TERRESTRIAL 
VIEWING WITH YOUR REFLECTOR 


This Edmund development adds real convenience to 
viewing objects on the earth. Just put the lens erec- 
tor in your eyepiece holder, insert eyepiece, and focus 
normally. You see everything right side up and cor- 
rect as to left and right. Made of polished chrome- 
finish brass telescoping tubing that will fit any 
standard 114” eyepiece holder. Tubing is 914” long 
and slides 3” into eyepiece holder. Erecting system 
consists of two coated achromats. 


eS (Ra aaa Se $9.95 ppd. 


TELESCOPE ROLL- FILM CAMERA 


This model uses rolls of 
#127 film. Picture area 
will be a circle 1-9/16” in 
diameter. The advantage 
of this model is the ease 
of using roll film. With 
each camera you get a piece 
of ground glass. Before 
loading film in the camera, 
you focus the telescope. 
Then lock it in this position. For positions other 
than infinity, you can scribe a mark on your tube. 


OCR FEI REN ooo 'o in 5 aiices cndacansoleea $29.50 ppd. 


SHEET-FILM CAMERA 


Uses sheet film 214” x 314” size. Camera box size is 
‘4 > lug 


aT Ee 


a NE i ioe $39.50 ppd. 


OFFSPRING OF SCIENCE . . . REALLY BEAUTIFUL! 
CIRCULAR DIFFRACTION- 
GRATING JEWELRY 


A Dazzling Rainbow of Color! 


Shimmering rainbows of gemlike 
color in jewelry of exquisite beauty 
- made with CIRCULAR DIF- 
FRACTION. GRATING’ REPLICA. 
Just as a prism breaks up light into its full range 
of individual colors, so does the diffraction grating. 
Promises to become a rage in current fashion. 


Stock 7#30,349-Y..Earrings ............... $2.75 ppd. 
Stock 3¢30,350-Y. .Cuff Links .............. $2.75 ppd. 
Stock #30,372-Y..Pendant ..............+. $2.75 ppd. 
Stock 3£30,373-Y¥..2 Pins ......ccecescvvee $2.75 ppd. 
Stock 30,390-Y. .Tie ae Nae eicibisaas nee $2.75 ppd. 


WAR-SURPLUS TELESCOPE EYEPIECE 


Mounted Kellner eyepiece, type 3. Two achromats, 
tocal length 28 mm., eye relief 22 mm. An ex- 
tension added, O.D. 114”, standard for most types 
of telescopes. Govt. cost $26.50. 


ee. SO ee iter ere ree $7.95 ppd. 


6X FINDER 
TELESCOPE 





Has crosshairs for exact locating. You focus by 
sliding objective mount in and out. Base fits any 
diameter tube an important advantage. Has 3 
centering screws for aligning with main telescope. 20- 
mm.-diameter objective. Weighs less than 1 pound. 


Steck SBD RIL once Se essen eron see $8.00 ppd. 


STANDARD 1%” EYEPIECE HOLDER 


d Here is an economical plastic slide 
focus eyepiece holder for 1%", (0. D. 
eyepieces. Unit includes ” long 
chrome-plated tube into hich your 
eyepiece fits for focusing. Diagonal 
holder in illustration is extra and 
is not included. 





Stock #60,067-Y......... $2.50 ppd. 
Stock 760,049-Y 
Diagonal holder........ $1.00 ppd. 


TUL RTahilals 
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DOUBLE AND TRIPLE YOUR 
TELESCOPE’S POWER 
WITH A BARLOW LENS 






PRIMARY FOCUS 










RAYS 
FROM 
PRIMARY 





SINGLE 
ELEMENT 
BARLOW 





| EYEPIECE 


A Barlow lens is a negative 
a telescope with- 


WHAT IS A BARLOW? 


lens used to increase the power of 


out resorting to short focal length eyepieces, and 
without the need for long, cumbersome telescope 
tubes. Referring to the diagram above, a Barlow 
is placed the distance P inside the primary focus 


of the mirror or objective. The Barlow diverges the 
beam to a distance Q. This focus is observed with 
the eyepiece in the usual manner. Thus, a Barlow 
may be mounted in the same tube that holds the 
eyepiece, making it very easy to achieve the extra 
power. The new power of the telescope is not, as 
you might suppose, due to the extra focal length 
given the objective by the difference between P and 
Q. It is defined as the original power of the tele 
scope times the quotient of P divided into Q. 





4 


Beautiful chrome mount. We now have our Barlow 
lens mounted in chrome-plated brass tubing, with 
special spacer rings that enable you easily to vary 
the power by sliding split rings out one end and 
placing them in other end. Comes to you ready to 
use. Just slide our mounted lens into your 1144” I.D. 
tubing, then slide your 144” O.D. eyepieces into our 
chrome-plated tubing. Barlow lens is nonachromatic. 


Stock 730,200-Y...Mounted Barlow lens... .$8.00 ppd. 


UNMOUNTED 3X BARLOW LENS 


These lenses are made for telescopes that. shave smaller- 


diameter eyepieces than the standard 114” size. Mount 
one between the eyepiece and pee Tl and triple 
your power. Instructions included. Single-element 
lens, focal length —1-5/16”, unmounted. 

Stock #30,185-Y....0.932’ diam........... $3.50 ppd. 


Stock #30,328-Y....0.912” diam........... $2.50 ppd. 


3X ADJUSTABLE-DIAMETER 
BARLOW LENS 


For telescopes with eyepieces 
smaller than the standard 114” 
outer-diameter size. Prongs on 
mount can be opened or closed 
to fit tubes from 13/16” to 1” 





outer diameter. Directions for 
using included. 
Stock #30,339-Y...... $5.00 ppd. 


MORE POWER FROM YOUR 
JAPANESE TELESCOPE 
Mounted Barlow for Japanese Telescopes 


By inserting this single-element lens in the eyepiece 
end of your Japanese telescope, and putting your regu- 


lar eyepiece in the end of the Barlow tube, you can 
increase your telescope’s power up to three times. 
Thus, instead of 60x, you will get 120x or 180x. 


Barlow is mounted in two pieces of telescoping brass 
tubing each 4” long, satin chrome plated on the out- 
side. Inner diameter of large tube and outer diameter 
of small tube are 0.965”, the standard size for most 


Japanese telescopes. Measure yours before ordering. 
0.965” is approximately 31/32” or 24.5 mm. 
POOR Fe ks Sv ca dsdees cece Rereuiee $6.00 ppd. 


BARGAIN! MOUNTED 
ACHROMATIC BARLOW LENS 


?-element, low-reflection-coated, negative achromat 
which will increase the power of your telescope over 
3 times. The short focal length (—1.74”) allows the 
lens to be used close to the primary focus, eliminating 
the need for long cumbersome tubes as in most long- 
focus Barlow systems. Outside diameter of tube, 114 
(standard eyepiece size). Your standard eyepieces 
will fit in the other end. Spacers are included to vary 
the power. Complete directions. : 


SRG FUE x Se cincdswivcsdecSreaue $15.00 ppd. 


” 


ORDER BY STOCK NUMBER 


BARRINGTON e 





OPERATE YOUR TELESCOPE’S CLOCK 
DRIVE FROM YOUR AUTO BATTERY 


This small inverter supplies 110-volt, 60-cycle elec- 
tricity from your 12-volt car battery to operate your 
clock drive anywhere in the field. Can also be used 
to operate an electric shaver on trips. 20-watt rating: 


size, 214” x 214” x 3”; weight, 2 Ibs. Easily fits in 
glove compartment. 
Stock #50,346-Y....12-volt only......... $14.95 ppd. 


_EQUATORIAL MOUNT and TRIPOD 
with CLOCK DRIVE 


Heavy-duty mount. Drive operates 
on 110-volt, 60-cycle, a.c. house 


current. Follows motion of stars 
smoothly. 32” tripod legs in- 
cluded. 


Stock +85,081-Y....$69.00 f.o.b. 
Barrington, N. J. 


Same mount as above, without 
att enn Clock drive, for 8” or smaller re- 
flectors and for 4” or smaller refractors. 


Stock #85,023-Y..... New Low Price..... $39.50 f.o.b. 
Barrington, N. J. 


STARS THAT GLOW IN THE DARK 


Transform your den or bed- 
room into a realistic night sky. 
Schools, too, can set up au- 
thentic sky scenes showing con 
stellations, planets in a dark 
room for daytime lectures or 
explanations of earth and space 
science. Equally attractive as a 
means of making your Re 
dren's room a fairyland, where 
their canopy of stars will pina on 
them welcome rather than fight 
“lights out.’’ Set consists of 
125 luminous star decals made of a safe, nonradio- 
active phosphor. Stars glow after exposure to strong 
light. 

SUGGES Geo ec cacecewsecssneceaes $1.00 ppd. 


MAP OF THE MOON 


Edmund Scientific Co. strongly recommends this moon 
map. 35” x 46” photographic reproduction of the 
full moon — a very helpful aid. It is in black and 
white and has all named lunar formations clearly 





marked. In addition, it gives a complete index to 
their locations and much valuable information on 
the moon. 

SUGGS oo as Kose ccescdescccxeocns $1.00 ppd. 


PORTRAIT OF THE UNIVERSE 


All the astronomical phenomena actually ‘‘sat’’ for 
their portraits before the camera telescopes of Mount 
Wilson, Palomar, Lick, and Yerkes observatories. Any 
amateur will find these thrilling photographs and the 
pertinent data included of great value. Each picture, 
6” x 6”. Handy spiral binding. Covers planets, solar 
phenomena, star clusters, and so forth. 32 black-and- 
white photographs. 


a eer error errs e $1.95 ppd. 


WAR-SURPLUS! AMERICAN-MADE! 
7 x 50 BINOCULARS 
Big savings! Brand new! Crys- 
tal-clear viewing 7 power. 
Every optical element is coated. 
An excellent night glass 
the size recommended for satel- 
lite viewing. Individual eye 
focus. Exit pupil 7 mm. Ap 
prox. field at 1,000 yds. is 
376 ft. Carrying case included. 
American 7 x 50's normally cost $195. Our war-sur- 
plus price saves you real money. 
SIMGR FE Nav one cree <conwectuer Only $55.00 ppd. 
(Tax included) 





Mounted Ramsden Eyepieces 
Standard 11/4” Diameter 


Our economy model, standard- 
size (1144” O.D.) eyepiece. We 
mounted two excellent quality 
plano-convex lenses in black 
anodized aluminum barrels in- 
stead of chrome-plated brass to 
save you money. The clear image 
you get with these will surprise oe 

you. Directions for using short focal length eyepieces 





are included with both the 44” and ” models. 
Stock #30,204-Y..... V4" focal length eens $4.75 ppd. 
Stock 230,203-Y..... V2" focal length..... $4.50 ppd. 


. SEND CHECK OR MONEY ORDER 


NE W 


STAR AND SPACE MAPS 


THE SOLAR SYSTEM, 50” x 
detailed moon map: 12 
planets. 2. WORLD 


Three giant maps: 1. 
38”, showing solar statistics; 
telephoto pictures of moon, sun, 


STAR CHART, 50” x 38”; locates stars for any time 
of year, any position on earth. 3. MAP OF THE 
SOLAR SYSTEM, 35” x 48”; shows planets, zodiac 
and so on 

Stock #9245-Y....Set of 3 maps.......... $1.25 ppd. 


8” SETTING-CIRCLE SET 
Stock #50,133-Y..Complete set ........... $3.00 ppd. 
Stock +60,078-Y. .360° declination circle only $1.60 ppd. 
Stock #60,079-Y . .24-hour right-ascension circle only 


$1.60 ppd. 
534” SETTING-CIRCLE SET 
Stock #50,190-Y..Complete set ........... $2.50 ppd. 


Steck 460,080-Y. .360° declination circle only $1.35 ppd. 


Steck #60,081-Y. 24-hour right-ascension circle only 
$1.35 ppd. 


LARGE ERFLE EYEPIECE 112” F.L. 


War-Surplus Bargain — Gov‘t. Cost Approx. $100 


Large telescopes should have one 
of these for low-power viewing. 
Apparent field of view 65°. Also 
use with the 24”-focal-length Aerial 
Camera lens to make a 16-power 
wide-field telescope or a 27-power 
scope with one of the 40”-focal- 
length Aerial Camera lenses. Low- 
reflection-coated, 5-element lens sys 
tem. Field lens of Eastman Kodak s 
rare-earth glass for better aberration correction. Has 
diopter scale. Smooth focusing 3,” movement. Out 
side diameter of attaching threads, 3” — 32 threads 
per inch. Clear aperture of eye lens 2”, field lens 
1-25/32”. Weight 314 Ibs. 

SURG SRO U ado esivesvccccccncusacces $9.95 ppd. 


ADAPT GIANT ERFLE TO STANDARD 
TELESCOPE EYEPIECE SIZE 


This adapter lets you use our Giant Erfle with any 
telescope that has a standard 114”-diameter eyepiece 
holder. Of course, you won't get the full field of 
the Erfle, but you will get a wider field than with a 
regular eyepiece. Adapter is made of black anodized 
aluminum tubing approx. 234” long and 334” wide. 


Stock #50,358-Y............0cccceeeeeees $3.95 ppd. 





Attention! For Beginners, Junior Astronomy Clubs, 
Boy and Girl Scouts, School Science Clubs 


MAKE 8X ASTRONOMICAL SCOPE 
with Low-Cost Beginner's Kit! 


Every boy and girl of today 
dreams of being a part of 
the exploration of outer 
space. That desire makes 
building his own telescope 
a real thrill. Now anyone 
of Cub Scout or Brownie 
age on up can make his 
own astronomical 8-power 
telescope in one evening, 
without tools or machinery. Here is an ideal, attrac- 
tive group project for scouts, junior astronomy clubs, 
or similar groups. (See special quantity prices.) Scope 
is powerful enough to show craters of the moon, 
Jupiter's satellites, and many stars not visible to the 
naked eye. Kit includes objective lens, field lens, eye 
lens, glare stops, kraftboard tubes, cadmium-plated 
metal ferrules, and other parts to build an 18”-long, 
13/,”-diameter telescope of 8 power. 





\ 


& * 





ge 7 kere rrr er ee: $3.00 ppd. 
SPECIAL QUANTITY PRICES 

Stock #70,239-Y.... Src asec nc exe se $12.50 ppd. 

Steck: BIO 2IGT.... 10 RNS... cc ccewues $22.50 ppd. 








FREE CATALOG “Y” 
128 Pages! Over 1000 testi 


Fantastic variety — rarely before 
have so many lenses, prisms, 
optical instruments, and compo- 
nents been offered from one 
source. Probably the greatest 
assembly of bargains in all 
America. Imported! War Sur- 
plus! Hundreds of other hard- 
to-get optical items. Many sci- 
ence and math learning and 
teaching aids. 

Write for Free 








Catalog “’Y”’. 








SATISFACTION GUARANTEED! 


JERSEY 
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CONDUCTED BY 


SPIDER DIFFRACTION IN 


HAT type of support should be used 
to suspend a diagonal or secondary 
mirror in the tube of a reflecting telescope? 
We find three- or four-legged struts, single 
vanes, circular spiders, and the like, each 
advocates. 
an excelfent 


type with its ardent 


There is now available 
analysis of diffraction effects in telescopes, 
written by Edgar Everhart, University of 
Connecticut physics department, and Jo 
seph W. Kantorski of American Optical 
research Phen 


Effects Produced by Obstruc- 


Co.’s division. paper, 
“Diffraction 
tions in Reflecting Telescopes of Modest 
Size,” appeared in the December, 1959, 
Istronomical Journal. 

that the 


perfectly made telescope, 


issue of the 


It is image of a 


well known 


star, even ina 
is not a point but a small circular disk of 
light. ‘The disk determines 


how well the telescope can resolve detail, 


size of this 


and depends on the instrument's aper- 


ture. In the ideal case, where there are 


J GLEANINGS FOR ATM’s 


ROBERT E. COX 


MODERATE-SIZE TELESCOPES 


no obstructions in the optical path (as in 
a refractor or off-axis reflector), this cen- 
tral spot will contain 84 per cent of the 
light energy from a star, the remaining 
16 per cent being spread into a system 
of concentric rings. 

The disk and rings together are called 
the diffraction pattern, and the ideal case 
is illustrated in Fig. 1. ‘The other parts 
of Fig. | show how the diffraction pattern 
is modified as successively larger central 
circular obstructions (such as a secondary 
mirror) are placed in the light path. The 
first ring becomes stronger and the second 
weaker as the obstruction ratio increases. 

However, the most important effect of 
enlarging the obstruction is that less en- 
crey goes into the central disk and more 
into the rings. The is a decrease 
in contrast, which will be discussed quan- 


result 


titatively later. 


Fig. 2 the diffraction 
obtained when the central obstruction is 


shows pattern 


square, as with a secondary prism, and 
Fig. 3 depicts the result of decentering a 
circular obstruction. These patterns were 
obtained experimentally, since they would 
be very difficult to compute. 

In a telescope the supports for the 
secondary mirror cause many interesting 
modifications of the diffraction pattern. 
The authors had the following comments. 

a. Four supporting arms. Telescope 
makers know that the struts carrying the 
secondary cause spikes and other changes 
in the ideal pattern. Comparative photo- 
graphs and drawings were made of the 
patterns produced by four struts holding 
a central stop of one-fifth the aperture’s 
diameter. 

The supports were made from wire of 
various diameters and arranged as shown 
in Fig. 4a. The width, W, of the strut is 
expressed as a fraction of the aperture. 
Fig. 4b shows the diffraction pattern for 
a rather severe case, W = 0.070; spikes are 
prominent, and the first ring has taken 
on a diamond shape. This value of W, 
corresponding to arms 0.7” wide in a 10- 
inch telescope, is much larger than would 
be found in a practical design. As W is 
reduced to 0.032, the spikes become longer 
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square one. 
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Fig. 1 (upper left). The diffraction pattern formed by an 
artificial star is shown as modified by circular obscuring 
disks placed in the light beam. x is the ratic of each disk’s 
diameter to the aperture of the image-forming mirror. 


Fig. 2 (left). The circular obscuring disk is replaced by a 
As in Fig. 1, the inner diffraction ring is 
strengthened as the size of the obscuration is increased. 
However, in this case the outer rings are broken into 
segments, more noticeable for the larger obstructions. 


Fig. 3 (above). A circular disk suspended off center on fine 
glass fibers gives these effects. 
center distance to the aperture’s diameter. All illustrations 
with this article are from Edgar Everhart and Joseph W. 
Kantorski, courtesy “Astronomical Journal.” 


D is the ratio of the off- 








(e) W=0.066 





Fig. 5. Compare the diffraction patterns formed by a 
single-strut (above) and by a three-strut spider (below). 
The latter spreads much light into six broken rays. 


Fig. 4. Successively thinner supporting struts yield these 
diffraction patterns. The strut widths, labeled W, are given 
as fractions of the aperture of the image-forming mirror. 


and less intense. For W = 0.018 the spikes 
were too faint to record photographically, 
but when the camera was replaced with 
an eyepiece, they could be easily seen. 

b. Single supporting strut. A series of 
photographs was taken of the patterns 
produced by the same central stop used 
above, but supported by a single arm (5a). 
The resulting patterns (5b and 5c) are 


comparatively simple. The two spikes are 


opposite one another, and are broader 


and fainter than in the corresponding 
four-vane patterns. 

c. Three struts spaced symmetrically. 
With the same stop supported by three 
legs 120° apart (5d) the patterns had six 
spikes as expected (5e and 5f). These have 


by overlapping of maxima and minima 
within each spike. 

d. Unusual forms of struts. Many kinds 
of special supports have been suggested 
that modify or tend to eliminate the dif- 
fraction spikes. 

Fig. 6a shows the pattern for two arms 
90° apart. It resembles the four-arm ones 


an unusual soft-textured structure, caused — in Fig. 4. Fig. 6b depicts two parallel sup- 








ASTROLA Reflecting Telescopes 


AMERICAN MADE — AVAILABLE NATIONALLY ON EXTENDED TIME PAYMENTS 





iit: BM 


All-New De Luxe Model “’B’’ 8’ ASTROLA, f/7, with 
rotating tube, clock drive, setting circles, and 3 oculars 
(85x, 210x, 360x, or 3 of your choice). 

plus $12.50 packing and crating charges. 


PORTABLE ASTROLA REFLECTORS 

Ma oe 2: rere rrr err $194.50 
6” Standard..... $325.00 6’ De Luxe..... $500.00 
8’ Standard..... $390.00 8 De Luxe..... $590.00 
10” Standard..... $495.00 10” De Luxe..... $750.00 


FINEST OPTICS—FINEST PERFORMANCE 


Only the finest possible optical quality in a Newtonian: reflecting telescope mirror and diagonal 
can render perfect optical performance in any telescope. 

Although we have manufactured well over a thousand complete ASTROLA telescopes since 
1953, at an ever-accelerating rate of sales and production, we have specialized in providing the 
very finest optical-quality new mirrors from 6” to 18” aperture for discriminating and serious 
observers and for laboratory and research use. For amateurs, we also have made a specialty of 
refiguring or refinishing mirrors that originally were not of the highest standard of quality. 

Each mirror that we manufacture is of pyrex glass and is figured to provide equal intrafocal 
and extrafocal star images with high power. This is the ultimate optical test which can be met by 
We also include our 1/10-wave pyrex elliptical diagonal and aluminizing by Pancro 
We have available, for immediate delivery, mirrors of normal focal 


any mirror. 
Mirrors’ exclusive process. 
ratio in 6”, 8’, and 10” aperture. 


NEW PYREX MIRRORS REFIGURING 
6" $ 35.00 
8” $ 50.00 
1G"... .$ 75.00 
12a"... J -$120.00 





16” $450.00 


1/10-WAVE ELLIPTICAL DIAGONALS sold separately: 1.050-inch major axis, $6.00; 1.300 m.a., $8.00; 
1.550 m.a., $11.00; 1.780 m.a., $13.00; 2.140 m.a., $18.00; 2.610 m.a., $21.50; 3.000 m.a., $32.00. 


MIRROR CELLS, TUBES, SPIDERS, FOCUSERS, FINDERS, MOUNTINGS, 
OCULARS, CLOCK DRIVES, SETTING CIRCLES, AND ALL ACCESSORIES. 
Send for new 1960 color catalogue. 


Complete ASTROLA telescopes, 6" to 18" aperture, all manufactured by 


CAVE OPTICAL COMPANY 


4137 E. Anaheim St., Long Beach 4, Calif. Phone: GEneva 4-2613 
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(a) W=0.066 (b) W=O0.066 








SKY-GAZERS EXCHANGE 


Classified advertising costs 30 cents a word, including 
address; minimum charge, $4.00 per ad. Only one 
for sale ad per issue for each advertiser. Remittance 
must accompany order. Insertion is guaranteed only 
on copy received by the 20th of the second month 
before publication; otherwise, insertion will be made 
in next issue. We cannot acknowledge classified ad 
orders. Sky Publishing Corporation assumes no re- 
sponsibility for statements made in classified ads, nor 
for the quality of merchandise advertised. Write Ad 
Dept., Sky and Telescope, WUarvard Observatory, 
Cambridge 38, Mass. 


8” OPTICS: Matched Cassegrainian, $200.00; New 
tonian, $60.00. Any focus, 1/18 wave. S. Rappa 
port, 4649 N. 10th St., Philadelphia’ 40, Pa 


SEPTEMBER SPECIAL: Finest f/10 44,” Pyrex para 
bolic mirror and matching diagonal, $16.95 post 
paid, Vernonscope and Co., Candor, N. Y 


NEW IDEA: Atomic Chart of the Elements. A sim 
plified chart, approximately 18” x 22”, arranged in 
circular form for easy Includes atomic 
number, symbol, name, and known 
elements. Printed on heavy paper in three colors 
$1.00, shipped postpaid The William Richmond 
Peters Observatory and Research Group, Dept. M, 
115 E. Aspen St., Flagstaff, Ariz. 


reference 
{1 mass of a 


OBSERVATORY. Excelling « design. 
Fabricated from structural steel and aluminum 
Revolving turret dome 8’ diameter, 714’ high. 
This beautiful and highly versatile observatory will 
be shipped directly to you in easy-to-assemble pre 
fabricated sections Write for free details and 
photographs. Unique Products Agency, 212 E. Key 
Blvd., Oklahoma City 10, Okla 


rFELESCOPE 


ASTROLA 8”, de luxe, equatorial mount, clock drive, 
setting circles, rotating tube, oculars, $375.00. Mrs 
I. Tannehill, 414 Biggs Ave., Frederick, Md. 

OUTSTANDING: 24” double-purpose mirror. Pyrex. 
155”-focus polished paraboloid, uncoated. Second- 
ary, elliptical, aluminized. Reverse surface, Schmidt 
spherical, focus 30”, aluminized. Unusual oppor 


tunity. Make offer. San Roque, Box 3173, Santa 
Barbara, Calif. 
164-PAGE Photographic Bargain Catalogue, listing 


thousands of photographic bargains. Send 25¢ for 
your copy, credited on first order. Dept. 26-C9, 
Central Camera Co., 230 S. Wabash Ave., Chicago 
‘ail. 


objectives, 
experience. 


MOUNTED first-quality 6” telescope 
$350.00 and $450.00 24 years of 
Earl Witherspoon, Sumter, S. C. 


FOR SALE: Zeiss refractor, 135-mm. For descrip 
tion, write J. DeChollet, Levant 139, Lausanne 
Switzerland. 

QUESTAR in top condition. 12-volt converter in 


cluded. $700.00. Noble Gantvoort, Alamosa, Colo. 


, 


FOR SALE: Telescope mirrors, 6”, $40.00; 8”, 
Merle Welander, Rte. 3, Stillwater, Minn. 


$60.00. 


REMOTE-INDICATING anemometer kit. Wind speeds 
up to 100 miles per hour. Long-life ball-bearing 
generator. Finest D’Arsonval meter. Aluminum 
construction. No batteries required. $24.95. Dyno 
Speed Instrument Co., P. O. Box 47, Lakewood, N. J. 


INSTALLING new electric-driven mount. Offer dis- 
placed mount, manually controlled, excellent con 
dition, at a bargain. Will carry 14” or 16” tele- 

Photos and additional data with quotation 


scope. 
of terms mailed on request. Cumberland University, 
Lebanon, Tenn. 

BEST OFFER takes 3” equatorial. All accessories, 
Barlow lens. Originally $185.00. Have had only 
six months. Albert Toth, 1110 Gillespie Ave., 
Portage, Pa. 

EQUATORIAL MOUNTS: Seven models, finished or 
semifinished. Marvin Stell, 600 E. Sth, Coleman, 
Tex. 

SOUTHWESTERN OBSERVERS Finest refractor 
telescopes supplied in 2.4”, 3”, and 4” altazimuth 
and equatorial models. Details on request. Melton 
Industries, 1901 Levee St., Dallas 7, Tex. Phone: 
RI 8-4769. 


, 


ALUMINUM ‘TUBING: 18 sizes, 1” through 10”. 
Pesco-A, Box 363, Ann Arbor, Mich 


DE LUXE QUESTAR: Complete with tripod plate, 
Hexacon camera, extra extension tubes, converter, 
$850.00. George Hess, 1202 


Arbor, Mich. 


CONSIDERING astronomy as a career? Vocational 
and Professional Monographs: Astronomy, by Dr. 
Freeman D. Miller, describes personal qualifica- 
tions, scholastic training, and job opportunities. 
$1.00 postpaid. Send to Box B, Sky and Telescope 
i9 Bay State Rd., Cambridge 38, Mass. 


6” REFRACTOR, f/10, tripod, equatorial mount, 8x 
finder, turret with three eyepieces, $500.00. Infor 
mation and photo from A. Gander, 7940 Burgundy 
Lane, Cincinnati 24, Ohio. 

6” FECKER catadioptric (near new) and fine 8” Cave 
Newtonian with heavy slow-motion mount at below 
cost. G. Kosolapoft, Box 830, Auburn, Ala. 
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Fig. 6 (upper left). Three different arrangements of struts 
supporting an obstruction whose diameter is 0.2 that of the 
aperture. The diffraction effects produced by each setup are 
shown. There is a similarity between these patterns and 
those of the four-, one-, and three-strut arrangements. 


Fig. 7 (above). Light energy spread by several forms of 

curved supports is represented in these drawings. Some 

observers object to the lack of spikes that may be used to 
locate the center of a bright star image. 


Fig. 8 (left). Diffraction patterns of various assemblies of 

oval and circular openings. Because a large percentage of 

light is scattered from the central disk, these systems would 
not be suited for general telescope use. 


ports extending from one side only, and 
this pattern is comparable to that of the 
single vane. Fig. 6c, with two struts 120° 
apart, is similar to that of the three-strut 
arrangement. 

Patterns resulting from several forms 
of curved supports are presented in Fig. 7. 
The spikes have disappeared, to be re- 
placed by a faint-textured over-all pat- 
tern. Fig. 8 is for a series of masks having 
three, four, five, and six holes. In each 
case there is sufficient opaque space at the 
center to hide a t-aperture stop and its 
supports. Three oval openings (8a) make 
a pattern with a hexagonal first ring and 
some faint outer structure, but the setup 
gives surprisingly good results, consider- 
ing the extent of the obstruction. Four 
circular openings produce a pattern of 
dots that is far from desirable, while 
five holes yield a pattern of 10-fold 
symmetry (8c). 

Obviously, any support system having 
appreciable thickness will scatter some 
energy from the central disk and cause 
loss in contrast and resolution. However, 
in most systems W is less than 0.01, as in 
Fig. 4{. For most of the patterns repro- 
duced here the width has been exagger- 
ated to provide a strong result. 

Of the two conventional supporting 
systems — three- and four-legged spiders 
— the first may be slightly better than the 
other (compare 4c and 5f). With very 
thin struts the spikes would be softer and 
less bothersome, and the more symmetri- 
cal spurious rings indicate better distribu- 
tion of the scattered light in the ring 


system. With the three-legged unit, ad- 
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‘STEP 


Easy Low-Cost Way 
To Enjoy Thrills 
Of Astrophotography 


Convert your present 35-mm. Camera 
with this new Adapter 


Developed by Criterion especially for single- 
reflex 35-mm. cameras with interchangeable 
lens. Simply remove present lens mount and 
add this precision-made achromatic lens that 
adapts camera to eyepiece of any telescope — 
refractor or reflector. When ordering, be 
sure to specify make of your camera. 
For 35-mm. cameras with SCREW-TYPE lens 
mount 
Cat. #CPA-36 for 114” eyepiece holders..$19.00 
Cat. #CPA-37 for 4” standard 

DOV EBROO GES. cccassssciscascccscorrsvtvunsassevisacecsceses $17.50 
BAYONET-TYPE 


cameras with 


For 35-mm. 
lens mount 
Cat. #BPA-36 for 114” eyepiece holders..$22.50 
standard 


Cat. #BPA-37 for 4” 
Dynascopes 





New! 






Dyn-o-Astro 
35-mm. Camera 


at less 

than regular 
price of 
camera alone! 


No need to be an expert 
photographer to take ex- 
citing astrophotos with this single-reflex-type, 
precision-made 35-mm. camera. No compli- 


cated settings. No plates or filmholders to 
load and unload. No worries about missing 
target. Large focusing screen shows you exact/) 


the viewing field up to moment of shooting. 
— No accidental double exposures. Winding 


knob automatically advances film, posi- 
tions mirror, winds shutter, counts ex- 
posures. 

— Dual-speed setting knob controls both 


fast and slow shutter speeds. Color cod- 
ing makes mistakes impossible. 
— Integrated magnifier for critical focusing 
even on dim objects. 
Takes time exposures and also has speeds up 
to 1/500 second. Guaranteed for 2 years. Com- 
plete, ready for use. 
Model CP-35 fits 114” eyepiece holder 
$89.00 postpaid 
Model CP-36 fits all standard 4” Dynascopes 
$85.00 postpaid 


Dyn-o-Swing Camera Support 





fits any 4” or 6” 
telescope 
without drilling! 


Takes guesswork out lla A® 
of astrophotography by pro- a 
viding precise centering of cam- 
era over eyepiece. Smooth rack-and- 
pinion adjustment. Easily attached or detached 
from tube, with rigid clamp for maximum sta- 
bility. Special arm lets you swing camera 
away from eyepiece for visual observation, 
with instant return for photographing. Can 
be used. with almost any camera. Postpaid. 
Cat. #CS-4 to fit all 4” Dynascopes........$17.50 
Cat. #CS-47 to fit all 434” O.D. tubes..$18.95 
Cat. #CS-67 to fit custom 6” Dynascope 
ONG Te” OLD. CUBES cose ccccsecccesacessacensse $19.95 


other accessories and 


Catalog F, describing : L 
request. Satisfaction 


parts, cheerfully sent on 
guaranteed, or money refunded. All items sent 
postpaid. We pay all postage costs. No ship- 
ping, crating, or packing charges. Send check, 
cash, or money order for immediate delivery. 







TO FINER 


Paraboloidal 
Mirrors 


The most important part 
of a reflector telescope 
is the precisely figured 
mirror. A mirror with 
a spherical surface suf- 
fers from spherical aber- 
ration, so it must be 
altered to a paraboloid 
to focus all the light 
rays in each bundle to the same point. 


Con- 
siderable skill is required to parabolize a fine 


mirror properly. Criterion Custom mirrors are 
made of the best pyrex glass, selected for free- 
dom from internal stress and strain, and of 
the correct thickness for each size, parabolized 
by craftsmen and tested by Ronchi and Fou- 
cault tests, as well as by diffraction rings and 
resolution of double stars. They are aluminized 
and overlaid with zircon quartz. Each is 
guaranteed unconditionally, and to perform to 
the limit of resolution for its size. 

{0” sevens | GONG 


4” pyrex, f.1. approx. 


” pyrex, f.1. approx. 54” $45.00 
8” pyrex, f.1. approx. 64” ‘ $89.00 
10” pyrex, f.1. approx. 80” seseeee $179.00 
12” pyrex, f.1. approx. 96” $275.00 


A tolerance of 5% in focal length is custom- 
ary. A deposit of 1 is required with orders 
for 8” to 12” mirrors. 


Reflecting Telescope 
Mirror Mounts 


Mounting the mirror to 
your scope correctly is most 
important. Criterion mounts 
are especially well designed, 
and are made of cast alu- 
minum with brass mount- 


ing and adjustment screws. One section fits 
tube, other section holds mirror. Alignment 
accomplished by three spring-loaded knurled 


Outer cell designed to fit into 
or over your tube. Sufficient space left be- 
tween the two cells. All drilled and tapped. 
Complete with holding clamps, springs, nuts, 
etc. Ready for use. Will prevent vibration 
and hold alignment once set. Will hold mir- 
ror without distortion of surface figure. 


aE adeactisbanensares $3.00 6” 


adjusting nuts. 


Complete 
Eyepieces 
Finest quality. They are precision machined, 
mounted in standard 114” outside diameter 





barrels. Can be taken apart for cleaning. De- 
signed to give sharp flat, field clear to a. 
Huygens 18-mm. ") ..$ 7.50 
Kellner 9-mm. f.l. 7.90 
Kellner 7-mm. f.1. 8.50 
Kellner 12.7-mm. f.l. 9.50 
Kellner 18-mm. f.]. . 9.50 
Kellner 30-mm. f.l. (1-3/16”). . 12.50 
Orthoscopic 6-mm. f.1. (14) .cccccscesvee 12.50 
Orthoscopic 4-mm. f.1. (3/32"). . 14.50 





Revolving 
Turret 


The Criterion Revolv- 
ing Turret holds three 
eyepieces so that, as 
desired, the power of 
the telescope can be 
changed by merely turn- 
ing the turret to a dif- 
ferent ocular. Click stop . 
insures positive and accurate positioning of 
each eyepiece. Turret holds eyepieces of stand- 
ard 114” outside diameter. Fits into the holder 
of any refractor or reflector telescope that uses 
114” eyepieces. Requires no alteration or ad- 
justment and can be attached as easily as put- 
ting eyepiece into scope. Made of brass and 
aluminum with polished chrome-plated barrels. 
Cab. FEST FSO: cccsicsscsesssaaes $14.50 
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PERFORMANCE! 


Rack-and-Pinion 
Eyepiece Mount 


The most mechanically 
perfect focusing is by rack 
and pinion. This mount 
takes standard 114” eye- 
pieces. Full 314” of travel 
more than ever before. Ac- 
commodates almost any type of 
eyepiece — positive and negative. 
Two knurled focusing knobs, 
variably tensioned and positioned. 
Solid cast-metal sliding brass 
tube — close tolerance prevents 
Mount aligns itself to any type tube. Four 
mounting holes, nuts and bolts included. Eye 
mount has square-rod-type diagonal holder 
which prevents loose alignment and vibration. 
Rod tempered to minimize temperature changes. 
Adjustable for 3” to 8” scopes, also 12” scopes 
if so specified at no extra cost. Order one or 
more of the complete eyepieces described below 
at the same time you ‘send for this rack-and- 
pinion device, which accommodates any of our 
eyepieces perfectly. 
Cat. #SU-38..........$7.95 postpaid 


New Model Eyepiece Mount 

Same features as above but has wider base that 
is contoured to match the curve of a 7” to 8” 
diameter tube. Makes professional appearance. 
Furnished without Diagonal Rod #SU-9R..$9.95 


Diagonal Rod — Cat. #SU-9R...... $1.00 





looseness. 





Achromatic Finder Scopes 


30-mm., and 10x, 42-mm. 
Coated achromatic air-spaced objective, cross- 
hairs, built-in duralumin tube finished in 
white enamel, dewcap. Sliding focus adjust- 
ment. Can also be used as excellent hand 
telescopes for wide-field views of the sky. Fit 
Mount Bracket #SF-610. 

6 x 30 Achromatic Finder 
10 x 42 Achromatic Finder 
Mount Bracket #SF-610 


Two models: 6x, 





Wide-Angle Erfle Eyepiece 


Our 16. 3-mm. Erfle wide-angle eyepiece has 





a 75° field. Astonishing wide-angle views. 
Coated. Highest precision and _ specifically 
designed for telescopic use. Chrome barrel. 
Guaranteed to be superior in every respect. 
Cat. #SE-63 — 114” O.D. ............... $18.50 
Cat. #SE-62 — 0.946” O.D. . $16.50 


Four-Vane 


Diagonal Holders 


Criterion 4-vane diagonal 
mountings are fully ad- 
justable, will hold ellip- 
tical diagonals in perfect 
alignment. Made of brass, 
chemically blackened. Pre- 
cision adjusting screws 
center flat and vary its 
angle so that primary 
and secondary mirrors can 
be set in perfect align- 
ment. Thin vanes with 
special adjustable studs. 


Cat. Minor-Axis Size For Tubes Price 
S-51 i oe 6,” to 74 $10.00 
S-52 1.30” 615” to 7 2” 10.00 
S-53 1.50” 81,” to aif 10.00 
S-54 ) PY 914” to 1014 12.50 
8-55 2.00” 11” to tipo 14.95 
$-56 2.50” Specify tube ILD. 19.95 


CRITERION MANUFACTURING CO. 


Manufacturers of 
Quality Optical Instruments 


September, 


Dept. STP-24, 331 Church St., Hartford 1, Conn. 
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Get more telescope for your money 


build the — 





guaranteed 6" CLEVELAND quickly and easily 


If you build your own 6” 
Astronomics can supply and guarantee* every 
part you need. You'll get three important ad- 
vantages: first, every Cleveland part is a com- 
ponent of a balanced design, engineered to 
match and machined to fit; second, you won't 
need to search out unrelated parts, then cut 
and fit them to build your telescope; and third, 
you will own a fine instrument at a substantial 


saving. 


C.A. products are in use throughout the U. S. 
and as far away as Tasmania. They have been 
purchased by observatories, colleges, schools, 
laboratories, and the U. S. Army. 


FEATURES: Rotating base permits easy align- 
ment and locking on 
with positive-locking tube clamp. Husky, vise- 
grip latitude adjustment is easy to set, stays 
put. Rigid, high-strength aluminum construc- 
Extra-long bearings and large 
Legs open to fixed 


tion. No rust. 
brakes give precise control. 


position, close easily for carrying. Parts ma- 
chined to close tolerance for smooth, trouble- 
free operation. 
tools. 





CLEVELAND ASTRONOMICS 
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reflector, Cleveland 


Easily assembled with simple 





Rotating tube 





EQUATORIAL MOUNT Heavy-duty 12” saddle, tube clamp, axle bearings, 
rotating base, tripod top, tapered channel legs, and extra pier top are cast 
aluminum. Axles are 114” ground and polished steel. Bearings are 514” 
long. Large-area brakes, knurled bronze-aluminum alloy adjusting knobs. 
Brass thrust washers at all friction points. Knurled knobs lock rotating base 
in V groove in tripod top, release for easy transfer to permanent pier. Latitude 
adjustment 0° to 55°. Cadmium-plated latitude and leg bale ae 





washers. Weight 23 lbs. For 6” telescope 0 

For 8” telescope (specify tube O.D.) . 89.50 f.o.b. 
COUNTERWEIGHT 121, Ibs., 1” or 114” DOFE .....c.ssscsssesseseeeseeees 5.95 f.o.b. 
EXTRA PIER TOP for permanent Mount ...............ccccccscescsssssenesseees 5.95 f.o.b. | 
ALUMINUM TUBE 7” O.D. x 60” x .064” wall oo... 14.85 f.o.b. 


6” MIRROR CELL Solid plate protects mirror. Ring housing reduces con- 
vection currents. Improved clips hold mirror without pressure. Shockproof, 
cushioned adjustments prevent vibration, keep mirror in collimation. No 
springs. Cast aluminum, machined for 7” O.D. tube. Attaching — in- 
cluded Seantunceteeeancaies svhooes du kaucnactvsei savesvouveusude code savisceTei eatei Suh seantatersioes .35 ppd. 


8” MIRROR CELL Same adjustments as 6” cell, but housing fits it tube. 
Sey CDS TADS WHR GPOOTIOR cine sessisescsecsasssocesoroscsossessixeovscsossonsnsses 5 ppd. 


DIAGONAL HOLDER Fully adjustable, shockproof design. One turn moves 
mirror .050”. Three screw adjustments give perfect control of mirror angle, 
make collimating easy. For 1144” x 134” elliptical diagonal i Fits 
WF MEMRAM a esccai cacca up lctacih Sascse sbisecsea ak ni sean aatbosiasdemeaecnic scone raneoine omer 5 ppd. 


For tubes up to 10” diam. Specify tube DP)... ecseescesseseseeerseeteeee 9.15 ppd. 





14%" EYEPIECE HOLDER Acme-threaded brass sleeve in accurately machined 
aluminum housing gives smooth, micrometer-sharp focusing. Only ve mov: | 
SAT PALE. SERVE WVEETS YOU GEC AE cscs csvecnesenscosoceavesscosossncssseressonavsseesbners -95 ppd. 





SETTING CIRCLES 5” cast aluminum with machined faces. ¥”-wide matte- | 
white scales have accurate black graduations and large, legible Sous. ¥,” | 





to 2” bore. Attach with setscrews. Specify shaft size. Pair ...... ss ppd. 

6” MIRROR Pyrex, f/8 parabolic, hand figured to 1/10 wave or batons. 48” | 
focal length plus or minus up to 114” 2.50 ppd. 
DIAGONAL MIRROR 1.250” x 1.770%, 1/10 Wave oo... 6.50 ppd. | 


EYEPIECES 114” Brandon orthoscopic oculars available in seven sizes: 4, 6, 
8, 12, 16, 24 and 32 mm. Each 15.95 ppd. 





ALL MECHANICAL PARTS, including setting circles, and complete instruc-. 
tions for building the 6” Cleveland 129.75 f.o.b. 





ALL OPTICAL PARTS Mirror, magnet, and one Brandon orthosco} "ss ocular 
ot your choice of focal length 5 ppd. | 


6” CLEVELAND TELESCOPE including one Brandon eyepiece of your choice 
of power, assembled, ate collimated, ready for use and nee = oc 
MORE ...cccrcrssccccsccscoccccces eveccsoeseoncessosesoones 





We will replace, or refund purchase price of any unsatisfactory product re- 
turned prepaid within ten days of receipt. No time limit on return of | 


defective parts. | 


Add 3% sales tax on all Ohio orders. 
7618 LAWN AVE. 
CLEVELAND 2, OHIO 


Sky AND TELESCOPE, September, 1960 








6 


CONTRAST FACTOR 
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DIAMETER OF CENTRAL OBSTRUCTION 


Fig. 9. The contrast factors for tele- 

scopes with various strut widths and 

central-obstruction sizes. In cases of 

relatively large central obstacles, the 

width of the struts is of little impor- 

tance in determining contrast between 
star image and background. 


justment of the diagonal is easier if the 
legs coincide with the three adjusting 
screws on the mirror cell. On the other 
hand, it is easier to center a four-legged 
spider. 

No obvious advantage can be seen in 
the supports illustrated in Fig. 6, their 
special mechanical and aligning problems 
probably offsetting any slight improve- 
ment in the diffraction pattern. The sup- 
ports in Figs. 4 and 5 are equal or slightly 
superior, all factors considered. 

The results in Fig. 7 will come as a sur- 
prise to a great many amateurs who, since 
the late 1940's, have been advocating ring 
supports similar to 7a and 7b. The sec- 
ondary support on my 8-inch Cassegrain- 
ian is a single ring, but since the instru- 
ment has never been used at over 80x, 
the loss of definition and the odd diffrac- 
tion pattern have not become apparent. 

At the 1948 Stellafane meeting, two 6- 
inch reflectors of about the same focal 
length were compared by Roland LaPelle. 
One had a spider like that in 7b, the other 
the standard four-legged type. The tele- 
scopes were placed within 10’ of each 
other to equalize the seeing, and a faint, 
difficult double star was examined through 
each instrument using the same eyepiece 
and Barlow lens combination. All ob- 
servers agreed that the instrument with 
the circular spider performed better than 
the other. Unfortunately, no one checked 
alignment of the instruments, or com- 
pared them for optical excellence. Neither 
was a performance test made on a bright 
planet. Nevertheless, many amateurs left 
there that evening strong believers in the 
superiority of circular spiders. 

The final part of Fig. 8 is reminiscent 
of the ‘‘antidiffraction” mask William A. 
Rhodes described in the April, 1957, issue 
of Sky AND TELEscopr. His mask was sim- 




















Fig. 10. A means of supporting the 

secondary mirror of a Newtonian tele- 

scope. The eight fine wires under 

tension do not run radially out from 

the center. Their thinness minimizes 
scattered light. 


ilar to 8c, and it seemed, from low-power 
pictures of Rigel and its companion with 
and without the mask, that the _five- 
opening arrangement performed better 
than the one with the secondary and 
struts uncovered. However, the results of 
Everhart and Kantorski indicate a lower- 
ing of the contrast and a scattering of 
light into the outer regions of the pattern 
that would affect critical observations of 
double stars or planets. 

In their paper, Everhart and Kantorski 
calculate a contrast factor C for the an- 
nular aperture of Fig. 1 and also for the 
four-strut case of Fig. 4. It is the ratio of 
the light energy within the central disk 
to that in the rings and spikes. For the 
ideal case (no obstruction), C is 84/16, or 
5.2. With the }-aperture central stop, C 
drops to 3.3 (shown by the solid line in 
Fig. 9), and adding four supports whose 
thickness is 0.01 the aperture causes a 
further reduction, to 2.95 (the upper 
dashed line in Fig. 9). 

Clearly, it is desirable to keep the cen- 
tral obstruction as small as possible, and 
the supports thin. Curved spiders spread 
out the diffracted light and eliminate the 
spikes, but do not improve the contrast. 

Another factor that should be consid- 
ered was pointed out by André Couder 
in l’Astronomie for September-October, 
1949. He found that even thin supports 
could, by thermal radiation, cause air 
currents that made the effective thickness 
of the struts larger than their actual size. 
He was able to reduce this effect by pol- 
ishing and plating the supports, in con- 
trast to the general practice of blackening 
everything inside the tube. 

This air-current problem can be largely 
eliminated, and diffraction kept to a min- 
imum, by using fine wires under tension 
for the supports. For stiffness the wires 
must not run radially outward from the 


center. This was discussed by E. H. Morse 
in the Publications of the Astronomical 
Society of the Pacific, 53, 128, 1941. He 
pointed out that the wires must meet at 
a minimum of two different centers, being 
opposed in pairs somewhat like the spokes 
of a bicycle wheel. At Professor Everhart’s 
suggestion, Paul Valleli of the Amateur 
Telescope Makers of Boston constructed 
such a system, similar to the one in Fig. 
10, with good results. 

A final conclusion from the Everhart- 
Kantorski work is that, whether wires or 
vanes are used, their width should not 
exceed one per cent of the aperture, if 
this is possible. 

The experimental setup of Everhart 
and Kantorski is sketched in Fig. 11. The 
pinhole at A was 0.0018”, pierced in alu- 
minum foil and illuminated by light from 
a tungsten filament concentrated on the 
pinhole by a condensing lens. It was sit- 
uated at the focus of the 4-inch spherical 
mirror at B, which was stopped down to 
2” aperture. As its focal length was 120”, 
the focal ratio was f/60. The collimated 
light passed the central obstruction, sup- 
porting struts, or other obstacle at C, but 
it made no difference where this was 
placed in the collimated beam. 

At D the image-forming mirror, also a 
4-inch of 120” focus, was stopped down 
to only }”, thus producing a diffraction 
pattern large enough to photograph. Fi- 
nally, the slightly off-axis image was pho- 
tographed or viewed with an eyepiece 
at E. 

Since the mirror focal lengths were 
equal, the image of the pinhole at E was 
the same size as the pinhole itself. The 
diffraction pattern’s central disk had a 
width of 0.0130”, so by comparison the 
pinhole was effectively a point source. 
The aberration introduced by tilting the 
mirrors (exaggerated in the sketch) was 
0.0030”, negligible compared to the pat- 
tern size. 

Although the camera’s lens was not 
used, its shutter permitted varying the 
exposure times. Kodak Panatomic-X film 
recorded both the faint outer diffraction 
rings and the 600-times brighter central 
disk, but positive prints could not be 
made to show this wide range on a single 
print. The best reproduction was obtained 
by making pencil tracings of two prints 
of each pattern, one exposed for the inner 
region, the other for the faint outer parts. 
The drawings were done with soft pencil 
on white paper and reversed photograph- 
ically to appear white on black. 

K. E. CG. 
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Fig. 11. Everhart and Kantorski used this optical arrangement to photo- 

graph diffraction patterns. Light from the artificial star A is collimated by 

mirror B, and passes the obstructing disk or wires at C. Then the telescope 
mirror D forms an image at E. where it may be drawn or photographed. 





Precision Diagonals 


You will get the best possible per- 
formance from your telescope with one 
of our clear fused quartz diagonals. 
Accuracy guaranteed 1/20 wave. 


Ellipse 1.25"' x 1.77" $12.00 
Ellipse 1.5" x 2.12". $15.00 
Pyrex diagonals, 1/8-wave accuracy. 
Ellipse 1.25" x 1.77" $ 6.00 
Ellipse 1.5" x 2.12" $ 9.00 
Without aluminum coating, deduct $1.00. 


Send for our complete list of supplies, 
quartz mirrors, blanks, oculars, 
coatings, and accessories. 


E& W OPTICAL CO. 
2406 E. Hennepin Ave. 
Minneapolis 13, Minn. 
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| +4+44+4+4+4+4++ DE LUXE ++++++++++ 
| Reflecting Telescope Kits 
| | 
| 


De luxe kits contain: 
% 2 Corning Pyrex mirror blanks 
% 7 large metal cans of optical abrasives 
% Fast-polishing cerium oxide 
% Red rouge and pitch 


Size Thickness Price 
4%" %"" $ 6.00 
6” as $10.50 
8” 134" $18.75 
10” 13%4" $33.65 
122" 2%" $59.95 


ADD POSTAGE: ist, 2nd, and 3rd_ postal 

zones from Detroit, add 10%; 4th, Sth, and 
6th, add 15%; 7th and 8th, add 20%; or 
| we will ship postage collect. 


Send for free catalog of supplies. 
ASHDOWNE BROS. 


18450 Grand River Detroit 23, Michigan 
DADAM AAAAAAAAAAAADAAAAAAA 








12'2” Cassegrainian 
Portable 


$2750 


Excellence is our standard. 


T F OPTICAL LABORATORIES 


P. O. Box 481 


Huntington Beach, Calif. 
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It takes only $12.50 down to own this UNITRON 


Little wonder that the UNITRON 2.4” Altazimuth Re- 
fractor has long been America’s most popular low-priced 
refractor. 


For UNITRON and only UNITRON combines unexcelled 
optical and mechanical performance with exclusive fea- 
tures designed to increase your observing pleasure. As 
an example, take UNIHEX — the Rotary Eyepiece Selector 
which relieves you of the burden of fumbling with eye- 
pieces in the dark. Or, perhaps your observing situation 
may call for the DUETRON Double Eyepiece, the erecting 
prism system, the Astro-camera 220, or the sun screen. 


Optically speaking, UNITRON Refractors duplicate the 
performance of larger telescopes of other types. Further- 
more, there are no mirror surfaces to become tarnished, 


UNITRON 


INSTRUMENT 
204-206 MILK STREET 


no secondary optics to cause diffraction patterns, and no 
folding of the light back on itself with consequent loss of 
definition. It is not surprising that you see more and see 
better with a UNITRON. 


The UNITRON 2.4” Altazimuth Refractor is priced at 
only $125 complete with tripod, sturdy mounting with 
micrometric slow-motion controls, four eyepieces, carrying 
case, and accessories. Using our Easy Payment Plan, a 
mere 10% down payment of only $12.50 brings this 
UNITRON to you. 


With interest in astronomy at an all-time high, now is 
the time to treat yourself to a UNITRON. After all, you 
deserve the very best. 


See the back cover. 


DIVISION of UNITED SCIENTIFIC CO. 
BOSTON 9, MASSACHUSETTS 
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Choose UNITRON for optical and mechanical excellence 








UNITRON 6” AND 4” MODELS 





UNITRON 6” and 4” Model 166V. 


There are UNITRON 6” models priced from 
$5125 to $6075. Write for Bulletin 600. 


HOW TO ORDER A UNITRON 


Send check or money order in full or use our Easy Pay- 
ment Plan, as described below. Shipments made express 
collect. Send 20% deposit for C.0.D. shipment. 
UNITRON instruments are fully guaranteed for quality, 
workmanship, and performance, and must meet with 
your approval or your money back. 


Use Our EASY PAYMENT PLAN 


UNITRON’s popular Easy Payment Plan is a convenient 
and economical way to buy your UNITRON Refractor 
when you do not want to disturb your savings or when 
you haven't the total cost of the telescope immediately 
available. The down payment required is 10%. The 
balance due is payable over a 12-month period, and 
there is a 6% carrying charge on the unpaid balance. 
Your first payment is not due until 30 days after you re- 
ceive the instrument, and if you should want to pay the 
entire balance due at that time, the carrying charge is 
canceled. (6’’ models available on special plan.) 


To the newcomer and more experienced 
astronomer alike, the choice of "the best" 
telescope is difficult and confusing . . . so 
many makes . . . so many models. An astro- 

ical tel pe must be designed to ob- 
serve “point sources at infinity,” and hence 
requires a precision optical system for crys- 
tal-clear definition. Optics and mountings 
must be equally precise to track the star or 
planet. One without the other is useless. 
Invest in a UNITRON and be certain of com- 
bined optical and mechanical excellence. 





MANY Models To Choose From! 


1.6” ALTAZIMUTH ($7.50 Down) $75 
with eyepieces for 78x, 56x, 39x 

2.4’ ALTAZIMUTH ($12.50 Down) $125 
with eyepieces for 100x, 72x, 50x, 35x 

2.4’ EQUATORIAL ($22.50 Down) $225 
with eyepieces for 129x, 100x, 72x, 50x, 35x 

3’ ALTAZIMUTH ($26.50 Down) $265 
with eyepieces for 171x, 131x, 96x, 67x, 48x 

3’ EQUATORIAL ($43.50 Down) $435 
with eyepieces for 200x, 131x, 96x, 67x, 48x 

3’’ PHOTO-EQUATORIAL ($55.00 Down) $550 


with eyepieces for 200x, 171x, 131x, 96x, 67x, 48x 
4’’ ALTAZIMUTH ($46.50 Down) with $465 
eyepieces for 250x, 214x, 167x, 120x, 83x, 60x 
4’ EQUATORIAL ($78.50 Down) with $785 
eyepieces for 250x, 214x, 167x, 120x, 83x, 60x, 38x 
4’’ PHOTO-EQUATORIAL ($89.00 Down) with $890 
eyepieces for 250x, 214x, 167x, 120x, 83x, 60x, 38x 
4" EQUATORIAL with clock drive $985 
($98.50 Down), Model 160V, eyepieces as above 
4’ EQUATORIAL with clock drive and metal $1075 
pier ($107.50 Down), Model 166V, eyepieces as above 
4’ PHOTO-EQUATORIAL with clock drive and $1175 
Astro-camera ($117.50 Down), with eyepieces 
for 250x, 214x, 167x, 120x, 83x, 60x, 38x, 25x 
4’ PHOTO-EQUATORIAL with clock drive, pier, $1280 
Astro-camera ($128.00 Down), with 10 eyepieces 








New UNITRON View Finders 











UNITRON’s popular view finders with newly designed optics and mechanical features are better than ever. 
From left to right: 23.5 mm., 30 mm., 42 mm. 


1. VIEW FINDER (Used on UNITRON 2.4” Equatorials): 
23.5-mm. (.93’’) achromatic objective, 6x eyepiece with 
crosshairs. Chromed brass tube. Mounting brackets with 


centering screws. Only $8.50 postpaid 


2. VIEW FINDER (As used on UNITRON 3” Refrac- 
tors): 30-mm. (1.2’’) coated achromatic objective and 
8x eyepiece with crosshairs. Other details as in View 


Finder 3 Only $10.75 postpaid 


3. VIEW FINDER (As used on UNITRON 4” Refractors): 
42-mm. (1.6’) coated achromatic air-spaced objective. 
10x eyepiece with crosshairs. Duralumin tube finished 
in white enamel. Dewcap. Furnished with mounting 
brackets, centering screws for collimation, and mounting 
screws. This finder measures approximately 16” over- 
all. It is light in weight, compact and smal! enough for 
use as a hand telescope furnishing spectacular wide-field 


views of the sky. 
Only $18.00 postpaid 


INSTRUMENT DIVISION OF 
UNITED SCIENTIFIC COMPANY 


204-206 MILK STREET - BOSTON 9, MASSACHUSETTS 








Note These UNITRON Features 


@ LENSES are FULLY CORRECTED for spherical and 
chromatic aberration and are COATED for maximum bril- 
liance and clarity of image. Optics especially designed 
for astronomical observation. AIR-SPACED OBJECTIVES. 


@ REFRACTOR type of design duplicates the perform- 
ance of larger telescopes of other types. No mirrored 
surfaces to become oxidized. Superior definition to the 
very edge of the field. 


@ EYEPIECES of the HIGHEST QUALITY: Orthoscopic, 


Achromatized Symmetrical, Kellner, Huygens. Three to 
ten eyepieces included with each instrument. 
@ FINEST MATERIALS used throughout. DURALUMIN 


TUBE. Moving parts of BRASS carefully machined to 
close tolerances, and finished in CHROMIUM. No surplus 
components used. 


@ MODERN DESIGN based on time-tested engineering 
principles. HANDSOME APPEARANCE to which no illus- 
tration can do justice. 


@ EQUATORIAL MODELS have slow-motion controls for 
both declination and right ascension as well as con- 
venient clamps on both axes. Sturdy TRIPOD (or PIER). 


@ ALTAZIMUTH MODELS have slow-motion controls for 
both altitude and azimuth as well as clamps for both 
co-ordinates. Sturdy TRIPOD. 


@ VIEW FINDER with crosshair eyepiece. 
@ RACK-AND-PINION FOCUSING. 


@ Choice of UNIHEX Rotary Eyepiece Selector or STAR 
DIAGONAL and ERECTING PRISM for TERRESTRIAL OB- 
SERVATION. The same complete range of terrestrial 
magnifications as for celestial observation. 


@ SUNGLASS for solar observation. 


@ ADDITIONAL ACCESSORIES available to add further 
to your observing pleasure. 


Higher- and lower-power eyepieces available for 
all models. Prices include basic accessories, tripod 
and mounting, fitted wooden cabinets, and operating 


instructions. 


Get UNITRON’ 





Observer's Guide and Catalog on 


ASTRONOMICAL TELESCOPES 


This valuable 38-page book 
is yours for the asking! 


With artificial satellites already launched and space 
travel almost a reality, astronomy has become today's 
fastest growing hobby. Exploring the skies with a tele- 
scope is a relaxing diversion for father and son alike. 
UNITRON's handbook contains full-page illustrated 
articles on astronomy, observing, telescopes and acces- 
sories. It is of interest to both beginners and advanced 
amateurs, 









Contents include — 


Observing the sun, 
moon, planets and 
wonders of the sky 


Constellation map 

Hints for observers 
Glossary of telescope terms 
How to choose a telescope 
Amateur clubs and research 
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INSTRUMENT DIVISION of UNITED SCIENTIFIC CO. 
204-206 MILK STREET * BOSTON 9, MASS. 





Please rush to me, free of charge, UNITRON’s new Observer's 
| Guide and Telescope Catalog 20-F. | 
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CELESTIAL CALENDAR 


Universal time (UT) is used unless otherwise noted. 


THREE RED VARIABLES IN TRIANGULUM 


= ICATED about 4$° east of 4th-mag- 
nitude Gamma in ‘Triangulum is the 
famous long-period variable star R Tri- 
anguli, bright enough in September and 
October to be seen in binoculars. Maxi 
mum light around magnitude 6.2 is due 
about September 24th, according to the 
American Association of Variable Star 
Observers, or only four days later, from 
clements given in the Moscow General 
Catalogue of Variable Stars. The period 
of R averages 266.4 days, and at minimum 
the magnitude is about 12. Variability 
was discovered in 1890 by the English 
Espin and by Mrs. W. 
Fleming of Harvard Observatory. “The 
1950 position is 2" 34".0, +34° 03’. 
Numbers on the accompanying chart 


amateur T. E. 


indicate magnitudes of comparison stars, 
with the decimal points omitted; thus 58 
is a star of magnitude 5.8. It is easy to 
estimate the brightness of R- by compari- 
son with two of these standard stars, one 
slightly brighter, the other slightly fainter 
than the variable. If such estimates are 
made at, say, weekly intervals for two 
months, they can be plotted on graph 
paper to provide a light curve from 
which the amateur can read off his own 
determination of the date of maximum. 

On this same chart are two other inter- 
esting objects. W Trianguli is a red semi 
regular variable, whose light fluctuates 
between magnitudes 7 and 8} in a cycle 
reported as 108 days. It has been rela- 
tively little studied. 

The fine red color of 15 Trianguli, 
situated $° northwest of R, is worth no 
tice. ‘This giant star of spectral class M 
was suspected of variability by several 
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DAYS FROM MAXIMUM 


This mean light curve of R Trianguli, 
constructed from observations made by 
members of the American Association 
of Variable Star Observers, shows the 
average behavior of the variable be- 
tween the years 1921 and 1949. This 
chart is adapted from Leon Campbell’s 
“Studies of Long Period Variables.” 


19th-century visual observers, and the o¢ 
currence of small changes was demon- 
strated by photelectric measurements at 
Washburn Observatory about 30 years 
ago. Our chart gives its magnitude as 5.6. 


MOON PHASES AND DISTANCE 
September 5, 11:19 
September 12, 22:20 
September 20, 23:13 
September 28, 1:13 
October 4, 22:17 


Full moon 
Last quarte1 
New moon 
First quarter 
Full moon 


September Distance Diameter 
Perigee 2, 21" 226,300 mi. 32’ 48” 
\pogee 14, 18" 251,400 mi. ay 32” 
Perigee 29, 22" 229,400 mi. . 32’ 22” 

October 
Apogee 12, 13" 251,200 mi. 29” 33” 





The variable star R Trianguli is represented by the circled dot inside the 
one-degree square. W and 15 Trianguli are labeled. Visual magnitudes (with 
decimal points omitted) are given for the comparison stars, which range from 
5.6 to 11.6. South is up in this reproduction of part of an AAVSO “b” chart. 
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SEPTEMBER 5TH LUNAR ECLIPSE 

On the morning of September 5th, 
watchers in North America will be 
treated to a total eclipse of the moon. 
While only the very first part of the event 
can be seen in the East, the whole spec- 
tacle will be visible to observers on the 
West Coast. 

The moon begins to enter the faint 
penumbra of the earth’s shadow at 8:36 
Universal time, but nearly an hour will 
elapse before it is appreciably darkened. 
First umbral contact is at 9:36, and the 
total phase begins 62 minutes later. Mid- 
eclipse is at 11:21, end of total phase 
begins at 12:05, and Jast umbral contact is 
at 13:07 UT. The moon leaves the pe- 
numbra 59 minutes later. 

Details of this event, and a chart show- 
ing the passage of the moon through the 
shadow, appeared on page 91 last month. 


JUPITER’S SATELLITES 


The curves in the accompanying chart show the 
positions of Jupiter’s four bright moons, as seen in 
an inverting telescope, with north at the bottom and 
east at the right. Each horizontal line is for 0® Uni- 
versal time on the date specified, and the intersections 
of the line with the curves indicate the places of the 
satellites at that time. For other Universal times, 
interpolate between the 0" lines. The double vertical 
lines represent the planet’s disk. 

The lower section is intended to aid observations 
of the eclipses of Jupiter’s moons; d is the point of 
disappearance of the satellite in Jupiter's shadow, 
r is the point of reappearance. The chart is from 
The American Ephemeris and Nautical Almanac; for 
further explanation, see page 446 of Sky anp TELE- 
score for May, 1960. 


Jupiter’s SATELLITES IN SEPTEMBER 
UNIVERSAL TIME 
West East West East 








PHASES OF THE ECLIPSES 
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ADDENDUM 


In G. Fielder’s article on lunar rills, 
page 334 of the April issue, the following 
addition should be made to the list of ref- 
erences: V. A. Firsoff, Journal of the Brit- 
ish Astronomical Association, 66, 314, 
1956. This is an earlier and more ex- 
plicit statement of Mr. Firsoff’s ideas con- 
cerning the lunar grid system. 








oe 


\ 
stolen aa 


el 


‘@ Arcturus 


Regulus 


e 
Alphard 


CANIS MAJOR 


THE SUN, MOON, AND PLANETS THIS MONTH 


The sun, on the ecliptic, is shown for the beginning and end of the month. 

The moon’s symbols give its phase roughly, with the date marked alongside. 

Each planet is located for the middle of the month or for other dates shown. 
All positions are for 0" Universal time on the respective dates. 


The sun will be partially eclipsed on 
September 20th for observers in nearly 
all parts of North America. At greatest 
eclipse, which occurs on Baffin Island, 
Canada, 61 per cent of the sun’s diameter 
will be covered by the moon (see page 
129); 

Mercury is in the evening sky, but too 
near the sun to be seen this month. 

Venus is fairly bright at magnitude 
—3.3, setting one hour after the sun. 
Look for it low in the western sky as soon 
as twilight begins. Venus will pass 3° 
north of Spica on the 20th. A very thin 
crescent moon will be near Venus on the 
evening of the 22nd, conjunction occur- 
ring at 22" Universal time, with the planet 
about 3° south of the moon. 

Earth reaches heliocentric longitude 0° 
at 1:00 UT on September 23rd. This is 
the time of the equinox; autumn begins 
in the Northern Hemisphere and spring 
in the Southern. 

The moon will be totally eclipsed on 
the morning of September 5th for ob- 
servers in North America, western South 
\merica, the Pacific Ocean, Australia, 
and eastern Asia. In the United States, 
only the beginning of the eclipse will be 
visible in the eastern part of the country, 
but the entire event can be seen on the 
West Coast. 

Mars will arrive at western quadrature 
(90° west of the sun) on the 24th. Then 
it will rise about 1} hours before local 
midnight, being conspicuous (magnitude 
+0.4) in the eastern sky for the rest of 


UNIVERSAL TIME (UT) 


TIMES used in Celestial Calendar are Greenwich 
civil or Universal time, unless otherwise noted. This 
is 24-hour time, from midnight to midnight; times 
greater than 12: are p.m. Subtract the following 
hours to convert to standard times in the United 
States: EST, 5; CST, 6; MST, 7; PST 8. To ob- 
tain daylight saving time subtract 4, 5, 6, or 7 hours, 
respectively. If necessary, add 24 hours to the UT 
betore subtracting, in which case the result is your 
standard time on the day preceding the Greenwich 
date shown. For example, 6:15 UT on the 15th 
of the month corresponds to 1:15 a.m. EST on the 
15th, and to 10:15 p.m. PST on the 14th. 





the night. At midmonth, the reddish 
planet will be seen in telescopes as a 
small gibbous disk, 8’.2 in diameter and 
86-per-cent illuminated. 

Jupiter reaches eastern quadrature on 
September 17th, crossing the meridian 
at about sunset. Near the Ophiuchus- 
Sagittarius border, this golden yellow 
planet is of magnitude —1.8. Telescopi- 
cally, Jupiter shows a noticeably elliptical 
disk, about 36” in polar diameter and 39” 
in equatorial diameter. 

Saturn is in Sagittarius, east of Jupiter, 
and crosses the meridian about an hour 
after sunset in mid-September. It is visible 
in the southwestern sky as an object of 
magnitude +0.6 during the early evening, 
and sets around midnight. In telescopes, 
Saturn presents a disk 15” in polar diame- 
ter, and the major axis of the rings is 39”. 
Saturn will be stationary in right ascen- 
sion on the 15th, then resuming eastward 
motion among the stars. 

Uranus is a 6th-magnitude object in 
Leo, rising two or three hours before the 
sun. On the 15th, it will be at right ascen- 
sion 9° 43™.0, declination +14° 26’ (1950 
co-ordinates). 

Neptune is very low in the southwestern 
sky after sunset. WEG. 





DE LUXE 
SKYSCOPE 
As illustrated — with new plastic 


tube, 6x finder, heavy all-metal tri- 
pod, equatorial mounting, and 60x 
eyepiece. 


Price $44.75 


Unconditionally guaranteed. 
100% American made. 


Write for free brochure showing our 
standard model which has been sold 
world-wide for over 20 years. Sky- 
scope still remains outstanding in 
value by any comparison. 


THE SKYSCOPE CO., INC. 


P. O. Box 55S, Brooklyn 28, N. Y. 
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VARIABLE STAR MAXIMA 

September 3, W Lyrae, 181136, 7.9; 
5, U Cygni, 201647, 7.2; 8, T Camelo- 
pardalis, 043065, 8.0; 10, S Ursae Majoris, 
123961, 7.8; 11, I’ Centauri, 133633, 5.5; 
12, R Camelopardalis, 142584, 7.9; 15, 
V Cassiopeiae, 230759, 7.9; 18, S Canis 
Minoris, 072708, 7.5; 22, T Columbae, 
051533, 7.5; 23, U Herculis, 162119, 7.5; 
24, R Trianguli, 023133, 6.2; 25, T Ursae 
Majoris, 123160, 7.7; 28, U Ceti, 022813, 
be. 

October 8, W Andromedae, 021143, 7.4. 


These predictions of variable star maxima are by 
the AAVSO. Stars are listed only if brighter than 
magnitude 8.0 at an average maximum. Some, but 
not all of them, are nearly as bright as maximum 
two or three weeks before and after the dates for 
their maxima. The data given include, in order, the 
day of the month near which the maximum should 
occur, the star name, the star designation number, 
which gives the rough right ascension (first four fig- 
ures) and declination (bold face if southern), and 
the predicted visual magnitude. 


MINOR PLANET PREDICTIONS 

Vesta, 4, will be a 7th-magnitude object 
in Sagittarius during September, and may 
be found with binoculars and the help of 
the chart on page 447 of the May issue. 


MINIMA OF ALGOL 

September 2, 12:33; 5, 9:21; 8, 
11, 2:58; 13, 23:47; 16, 20:36; 19, 
22, 14:18; 25, 11:0); 28, 7:50. 

October 1, 4:39; 4, 1:27; 6, 22:16. 

These minima predictions for Algol are based on 
the formula in the 1953 International Supplement of 
the Krakow Observatory. The times given are geo- 


centric; they can be compared directly with observed 
times of the star’s least brightness. 


6:10; 


17:24; 
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8-Power Elbow Telescope 


This telescope has a_ brilliant-image 

i8° apparent field; actually 325 fect 

at 1,000 yards. Can be adjusted for 
b +” 


focusing 15 feet to infinity. achro- 
matic objective, focusing eyepiece 28- 
mm. f.l., Amici erecting sys- 
tem. Turret-mounted filters 


Coated Binoculars clear, red, amber, and neu- 










Beautifully styled imported binoculars. Precision made tral. Lamp housing to il- | 
luminate reticle for night use. 
LOW, LOW PRICES! Truly the biggest bargain you 8 x 50 
. were ever offered. Original Sax t. cost $200. 
Cat. No. $1686 Not Coated ....... ... $13.50 ppd. 
Cat. No. $1975 Coated ........ ‘eetune $17.50 ppd. 
- a 


Cast aluminum, holds all of 

our mirrors with metal clips. 
L Completely adjustable, assem- 

American Type ‘Zeiss'’ Type bled 

Cat. No. $1634 3-3/16’ Mount for 41/2’’ Tubing $4.00 ppd. 





Mirror Mounts < : 
— 


( omplete with carrying case and straps. American PP “” . 
Cat. No. $1633 41/4 Mount for 5’ Tubing . 4.00 ppd. 
ype offers superior one-piece frame anc 7 ° ”“ . 
a Indi dual Foe as (TE - aad nt — _ Cat. No. $1632 6” Mount for 7" Tubing . 6.50 pd. 
(CF) + © 
Field Prismatic —— 

Cat. Size at 1,000 Type Price, 25 
No. yards ppd. NEW! iin 80-mm. 
$1149 6xI5SIF 360fft Opera ~o+ $92.78 \ Obijecti 
$1436 6x30(F 395 “Zeiss ....... 1895 ) jective 
$1435 6x30iF 395 “Zeiss” ; 16.75 
$1438 7x35CF 34) “Zeiss” ’ . 20.75 i Big 80-mm.-diam. 
$1437 7x35 IF 34] ~~ ore 17.95 314”) objective. 
$1771 7x35CF 34) American ...... 23.50 ie spotting or 
$1439 7x35CF 578 American® 35.00 astronomical use. Will show 
$2191 7xS50CF 530 American oe 42.50 stars of the 11th magnitude 
east U : 50 ie 372 sal peace oped 100 times fainter than the 
— x eiss errr ° faintest ble to th ked 
$1503 7xS0CF 372 American ...... 32.50 “. thee eel me: 
ne : x 4 “4 — neal one bia eg a4 cluded, extended 18”, closed 

x __ rer yr ee . 1344”. L th of scc 1644”. 
$1108 10x 50 IF 275 arenes. Caabinel “eel — scope 
$1442 20xS50CF 183 EN cxsaaws 33.75 yer tripod is 514 Ibs. 
$1441 20x 50 IF 183 AEE Soesen 31.75 





*Wide-angle 11 **Wide-angle 


FIVE EYEPIECES 


All prices above plus 10% Federal tax. Field at Exit pupil Relative 

Power 1,000 yards diam. Brightness 

Monoculars 15x 122 ft. $.4 mm. 29 

20 122 1.0 16 

Brand new, coated optics, complete 31) 61 > 5 + 

with pigskin case and neck straps i0 i9 70 4 

Cat. No. $1576 Tey ee ..$10.00 ppd. 60 32 1.3 1 
Cat. No. $1577.. ....-8% 30. . 19.28 ppd. Cat. No. $2052 ..... 2... c ce cseesecsees $59.50 ppd. 
Cat. No. $1578.. : 7x35.. . 12.50 ppd. 60-mm.-diam. Scope. Same as above but with 
oS | See 2? . Bee 14.75 ppd. smaller objective. Equipped with same five eyepieces 

Cat. No. $1579. mere ) 17.50 ppd. 15x, 20x, 30x, 40x, 60x. With tripod. 

Cat. No. $1580 ; .20 x 50. FEE: HEMMER UVR 6 6.5.00 cisis vs os scveaeee sors $42.95 ppd. 


ASTRONOMICAL OBJECTIVES 


e « « Air-spaced « « « 
“THOSE WHO KNOW” 
BUY FROM US BECAUSE: 


Each lens is thoroughly tested and 
guaranteed to resolve to Dawes 
limit They are corrected for the C 
and F lines (secondary chromatic 
aberration ) The zonal spherical 
aberration and the chromatic vari 
ation of spherical aberration are 
negligible. The cells are machined ~~ 
to close tolerances so that they fit ‘teton # 1862 
directly over or into our standard 
aluminum tubing, eliminating any 
mounting problems. Test a lens, or 
have any qualified person test it; we are certain that you will be satisfied. If not, take advantage of our money- 
back guarantee. We offer the lowest-priced, hand-corrected, precision, American-made astronomical objective, 
mounted in an aluminum cell. Our reputation for high-quality lenses has established us as the most reliable 


source in the industry. HARD-COATED ON 4 SURFACES. 








1860 # 1473 #% 471 


#- 


V4" APERTURE 1/15 — 48” FL. { Got No, S147 COATED =. 20202022 Sate0 pet 
AY" APERTURE 1/15 — 62" FL. | G3 No. $1473. COATED 20222 “o.oo pp 
6” APERTURE £/10 60” F. L. | E31" Ne: $1860 MOUNTED 20202000 s00 ppd 
6” APERTURE £/15 —- 90” F. L. | G3 No, $1862 MOUNTED 202202020 LLL 7800 pp 


“BIG” ACHROMATIC TELESCOPE OBJECTIVES 


We have the largest selection of diameters and focal lengths in the United States available for immediate de 
livery. These are perfect magnesium-fluoride coated and cemented Gov't. surplus lenses made of finest crown 
and flint optical glass. Not mounted. Fully corrected. Tremendous resolving power. 


@ ALUMINUM TUBING and CELLS are in stock @ 


Cat. Diam. F.L. ppd. | Cat. Diam. F.L. ppd. | ° at. Diam. F.L. ppd. 
No. | No. No. 
Seere..t2ve")....010") ..... $922 - | $1520. .(2Ve”’)....(50”) ....$12.50 $-957. .(314'’)....(40’’) ....$30.00 
$1112. .(2Ve")....(1134") ie Se $-851. .(3-1/16’).(15”’) .... 21.00 i. Ses Cae eee (34/2‘’) .. 60.00 
oe See RR ee 12:50 $1158. .(3/e"’)....(19¥2"") .. 28.00 $1460. .(414’’)... .(36’’) .... 60.00 
$-958. .(21/e"")....(15V2"’) .. 9.75 $-822. .(3-3/16').(24Y/2"’) .. 22.50 $1159* . (43)... .(42') .... 60.00 
$1145. .(2e"’)....(20’) .... 12.50 $1092. .(314’’)....(26’’) .... 28.00 | $1225. .(436@’’)....(42’) .... 67.50 
$-952. .(21/e’’)... .(23Y2'’) .. 12.50 $1093. .(314’)....(28’) .... 28.00 $1474* .(5- 1/16") ).(2434") .. 79.00 
$1431. (20)... .(30°) .... 12.50 $1139. .(31%4’)... -(30"% ... 28.00 $1475. .(5-1/16’’).(2434"’) .. 85.00 
$1432. .(2e"")....(40’) .... 12.50 $-955. .(314""). .. .(34V/2' 0) .. 28.00 *Not coated. 
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Astronomical Mirrors 


These mirrors are of the highest quality. Aluminized 
and silicon-monoxide protective coating. You will 
be more than pleased with their performance. 


Cat. No. Diam. F.L. ppd 

$1429 Plate glass 3-3/16" 42” $ 9.75 
$1506 Pyrex 44" 45" 13.50 
$1507 Pyrex 6" 60” 25.00 


$2188 Pyrex 


Mounted Eyepieces 


The buy of a lifetime at a great sav- 
ing. Perfect war-surplus lenses set in 
black-anodized standard aluminum 
14,” O.D. mounts. 


6” parabolic 48” 49.50 


Cat. No. F.L. Type ppd. 
S212... « < Com. 06")... 66<. Orthoscopic ...... $13.25 
$38S1..... Om. 04"). .c00s ROMEGEN. . 60 ccodes 4.75 
S16S3....12.5 mm. (10%)... Ramsden ....2 00.0 4.50 
$1207....12.5 mm. (1/2’’)....Symmetrical ...... 6.00 
$1251....16mm. (56”)..... Erfle (wide-angle) . 12.50 
$1257....16mm. (5@°')..... Orthoscopic ...... 12.50 
$1209....18mm. (34’)..... Symmetrical ...... 6.00 
$0200... SB aem. (27 /98"). OM .ccccvccsc 6.00 
$1835....27 mm. (1-1/16’’)..Kellner .. ....... 4.50 
SI3SS....32mm. (14%4°)..... i. eee 12.50 
$1253... .35 mm. (136”)..... Symmetrical ...... 8.00 
$1255....5S5 mm. (2-3/16"). .Keliner .......2+- 6.00 
$1485... .56 mm. (214")..... Symmetrical ...... 6.00 


COATED LENSES 75 cents extra. 


“Giant” Wide-Angle Eyepieces 


Erfle eyepiece with 65° field. contains 
3 coated achromats. 114” E.F.L., clear 
aperture 214”. Has a focusing mount 
with diopter scale. Also makes an 
excellent 35-mm. Kodachrome viewer, 
magnifies seven times. 


Cat. No. $1405 (Illustrated) ............ $12.50 ppd. 
Cat. No. $1858 Same as above without di- 

OWN SORE 5.65.5 s.cccockmcaee renee 9.95 ppd. 
Cat. No. $1594 114‘'-diam. ADAPTER for eye- 

PIRCRS. BOOVe os sce doe ncase ueeeen 3.95 ppd. 


Wide-Angle Erfle 


Brand-new eyepiece with 68° field; 
coated. E.F.L. 114”. Focusing mount, 
3 perfect achromats, 1-13/16” aperture. 





Cote. BI oo occies sc nocseasesecueeas $13.50 ppd. 
Cat. No. $1593 11/4‘’-diam. ADAPTER for eye- 
BIOTO GOONE. xcs sadecscnccoue ce vneren 3.95 ppd. 


An Economical Eyepiece 


This mounted eyepiece has two 
magnesium-fluoride-coated achromatic 
lenses 29 mm. in diameter. Excellent 
definition. E.F.L. 1144”. Cell fits 
11,” tubing. 


Cate; GIOSt ‘Coated ...ces onset caeowan $5.90 ppd. 
Cat. No. SI991 Not Coated ..........see 5.25 ppd. 


Rack-&-Pinion Eyepiece Mounts 





For Retractors 





7 Here is a wonderful opportunity 
ng for you to own a most mechani- 
y | cally perfect Rack-&-Pinion Fo- 
cusing Eyepiece Mount with vari- 
able tension and adjustment. Will accommodate a 
standard 1144” eyepiece, positive or negative. The 
body casting is made of lightweight aluminum with 
black-crackle paint finish, focusing tube of chrome- 
plated brass. Focusing tube for refractors has a travel 
of 4”, for reflectors 2”, and will fit all size tubing. 


REFRACTOR TYPE 





Cat. No. $1494 for 21/g’’ 1.D. Tubing ..... $12.95 ppd. 

Cat. No. $1495 for 314°’ |.D. Tubing ..... 12.95 ppd. 

Cat. No. $1496 for 43¢’ |.D. Tubing ..... 12.95 ppd. 
REFLECTOR TYPE 

Cat. No. $1976 (less diagonal holder) ...... $8.50 ppd. 

Cat. No. $1982 DIAGONAL HOLDER ........ 1.00 ppd. 





@ FREE CATALOG @ 
Millions of lenses, prisms, eyepieces, rack-and- 
pinion eyepiece mounts, cells, aluminum tubing, 
mirrors, binoculars, telescopes, parts, acces- 
sories, and so forth. Write today! 











We pay POSTAGE IN U. S. C.0.D.’s you pay postage. 


Satisfaction guaranteed or money refunded in 30 days. 
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TARS FOR SEPTEMBER 


The sky as seen from latitudes 30° to 
50° north, at 9 p.m. and 8 p.m., local time, 


on the 6th and 21st of September, respec- 













tively; also, at 7 p.m. and 6 p.m. on Octo- 
ber 6th and 22nd. For other dates, add 
or subtract $ hour per week 

Binoculars bring rewarding sights in 
the cluster-rich Milky Way this month. 









MILKY WAY BOUNDARIES 


Try the globular clusters M15 in Pegasus 
and M22 in Sagittarius, as well as the 
open clusters M11 in Scutum and M39 in 
Cygnus. All of these may be found with 
a little searching. 
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1 M—1 Medium-size plane- 
tarium 
2 234” EQUATORIAL telescope 
3 4” EQUATORIAL telescope 
4 Console for Remote Control 
5 Museum of Art, Science & 
Industry, Ninety Acres Park, 
275 Congress Street, Bridge- 
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GOTO MEDIUM.SIZE PLANETARIUM 


The Museum of Art, Science & Industry, Bridgeport, Connecticut 
is the first institution to install Goto’s M-1 medium-size planetar- 
ium in its dome. It will open to the public in the fall of this 
year. The planetarium has won high acclaim when displayed at 
the 4th annual United States World Trade Fair in May 1960. 


Established in 1926, Japan's oldest and largest GOTO OPTICAL MFG C0 
firm specializing in astronomical telescopes. 8 a 


1-115 Shimmachi, Setagaya-ku, Tokyo, Japan 
Cable Address: GOTOPTIC TOKYO 
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FOR UNIVERSITIES 
JUNIOR COLLEGES 
HIGH SCHOOLS 





2S-FOOT ASTRO-DOME AT UNIVERSITY OF WISCONSIN 


Leading universities and astronomical research centers have found 
that Astro-Domes provide years of continuous and dependable 
service. Astro-Domes exclusive labyrinth seal shutter and design 
and its unique dome drive will give you smooth, quiet operation 
under all weather conditions. Reliable equipment like this is 
needed by the science educators who are training the future 
scientists, engineers, and technicians of the space age. Let 
Astro-Dome supply you with complete information on planning 
an Astro-Observatory for your institution. 





Ne ASTRO-DOMETTES 


The ALL NEW 
are 


ASTRO - DOMETTE 


Astro-Domettes have been developed for 
high schools and junior colleges. These 
units are fabricated on an assembly line 


\ available 


basis, resulting in high quality yet modest ” 
cost. Because sections are stamped or } pastel 
molded, dome components are uniform and colors 
interchangeable. Astro-Domettes are avail- 
able in sizes of 8, 10 and 12 feet outside 
diameters. In the space age, progressive 
schools will want to include this new aid 
to education in their science department. 
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INCORPORATED 





MANUFACTURERS OF ASTRONOMICAL OBSERVATORY DOMES 
1801 BROWNLEE AVE. N. E. CANTON 5, OHIO Phone GL. 6-8361 
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a joy that’s shared is a joy made double.’’ Old English Proverb 
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It has long been Unitron’s conviction that two can view as easily as one. # 
Now, if that’s not doubling your viewing pleasure, what is? And who but Unitron offers this feature ? 
That's one small example of this fact: that Unitron owners have more fun than practically anybody because 
Unitron refractors offer them more to have fun with. Rugged good looks which a mere photograph can only 
hint at. Durability enough to last not a lifetime, but for many generations. A complete line of highly useful 
accessories from which to choose. And all the fine-instrument features practically anyone would want. 
In short, more pleasure-per-dollar than any instruments of their type. How do we know? You have told us. 
Despite the many refractors on the market, more amateurs and professionals alike buy more 
Unitrons than any other refractor in the world. 


3“ The Duetron, one of many exclusive 
7 Unitron accessories for multiplying 
viewing thrills, permits two people to 
view at the same time. It is shown 
mounted on a Unitron 4” Equatorial 
Telescope, Model 155. 


UNI} RON INSTRUMENT DIVISION OF UNITED SCIENTIFIC CO. — 204-206 MILK STREET, BOSTON 9, MASS. 


SEE PAGES 172 AND 173 FOR MORE ABOUT UNITRON. 
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